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C H A P T E R 1 
INTRODUCTION 
1-1 General introduction 
One of the distinctions between prokaryotes and eukaryotes is the 
existence of DNA sequences in the genome of eukaryotes in more than 
one copy (1). Such "repeated"sequences are normally not detected in 
the genome of prokaryotes, although a few exceptions were described 
(2,3). Much information is available on the distribution of these re-
peated sequences in the eukaryotic genome, but little is known on 
their biological functions (4). A large portion of the repeated se-
quences is scattered throughout the genome. This led to the hy-
pothesis that repeated sequences play a role in the coordinate regula-
tion of gene-expression (5). Experimental evidence for such a func-
tion of repeated sequences is however still lacking. 
1-2 Kinetic measurements un genomig ML· content organization 
Since the study of reassociation kinetics of eucaryotic DNA has 
provided fundamental insight into genome structure (6), the principal 
features of such experiments will be summarized in this section. 
When DNA is heated above its melting temperature, the two DNA 
strands will separate. Under defined ionic and temperature conditions 
the single stranded DNA molecules will "reassociate" with their homo-
logous counterpart within a certain time: this reaction follows the 
kinetics of a second order reaction (7). 
This annealing reaction is commonly described with the formula: 
C/c0=1/(1+kc0t). Here c0 represents the initial DNA concentration in 
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moles of nucleotides per liter and С represents the concentration of 
single-stranded DNA at time t. The factor к is the second order rate 
constant (in Μ χ sec" ). This constant is dependent on the ionic con­
ditions, the temperature during reassociation, the fragment size of 
the renaturing DNA and on the sequence complexity of this DNA. "Se­
quence complexity" is defined as the length in nucleotide pairs of 
the longest non-repeated sequence which can be constructed from a 
genome (7). Separation of double stranded and single stranded DNA is 
conveniently achieved by binding the total DNA to hydroxyapatite. The 
single-stranded DNA can subsequently be eluted separately from the 
double stranded DNA molecules. In renaturation studies the data are 
usually presented in a so called "c f-curve, in which the c0t values 
are presented on a logarithmic scale, plotted against the amount of 
renatured DNA (1). 
When the renaturation behaviour of a procaryotic DNA is studied in 
this way, a sigmoid с t-curve will be generated, showing that the 
kinetic complexity of the prokaryotic genome is equal to ita DNA con­
tent. Therefore the с t-curves of different prokaryotes are suited 
for direct comparison of their respective genome sizes, since the com­
plexities of their genomes are inversely proportional to their kinetic 
constant k. 
The sigmoid с t-curve of prokaryotic DNA covers a short range of 
с t values (corresponding to a factor 100) for the extrapolated linear 
middle range of the curve. The с t-curves of eukaryotic DNAs on the 
contrary have a complex shape. These curves span c0t-values differing 
sometimes by a value of 10 . By mathematical means these curves can 
be interpreted as a superposition of several classes of sequences with 
different degrees of repetition: 
- a "single copy" class, containing DNA sequences present only once in 
the genome, 
- a "middle repetitive" sequence class, containing from a few to about 
10,000 copies of DNA sequences of differing lengths, 
- the "highly repeated" sequence class, containing more than 10,000 
copies of a DNA sequence with a complexity lower than that of the mid­
dle repetitive sequences (often only a few nucleotide pairs). 
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The contribution of each sequence class to the total genomic DNA 
content can vary widely between different organisms (6). It has to be 
stressed that this classification is somewhat arbitrary, since a clear 
separation in different classes is not always possible. It seems how­
ever, that the distribution of the three classes of sequences 
nevertheless reflects to some degree biologically different DNA frac­
tions. Especially highly repetitive DNA, which is usually organized 
in large tandem repeat clusters, forms a clearly distinct fraction of 
the genomic DNA. 
1-1 Sequence diverpence QL repetitive seouences 
The existence of repeated sequences in the eukaryotic genome was 
detected by DNA renaturation experiments. In such studies the experi­
mental conditions are critical for the formation of the renaturation 
products. The optimal renaturation temperature is generally about 25° 
С below the melting temperature of the native DNA. If a renaturation 
temperature is chosen more than 10° С below or above this temperature, 
the renaturation rate will be drastically reduced. The difference 
between the melting temperature and the renaturation temperature, re­
ferred to as the criterium of the renaturation reaction, is therefore 
an important parameter of this reaction. The temperature does not 
only determine the rate of the reaction (as do also the ionic condi­
tions which determine the melting temperature), but it also determines 
the fidelity of base pairing in the reassooiated molecules. Low reas-
sociation temperatures lead to the formation of hybrids with a higher 
degree of mismatching. 
The extent of mismatching can be assessed by remelting the reasso­
oiated DNA molecules. If the melting temperature of a reassooiated 
molecule is compared with the melting temperatures of the native DNAs, 
it will turn out that mismatching of 1$ of the base pairs leads to a 
1 С lower melting temperature (9). Therefore stringent or relaxed 
reassociation conditions (criteria) are chosen, depending upon the 
amount of mismatched sequences that are tolerated in the experiment 
(8). 
Repetitive sequences in eukaryotes reassociate generally with more 
or less mismatching. This indicates that the different copies of a 
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sequence are often not completely Identical in their nucleotide se­
quence. A group of (diverged or undiverged) copies is designated as a 
family of repetitive sequences. The number of members of such a fami­
ly is in part defined by the criterium of reassociation. 
l-JL Organization of middle repetitive sequences in the genome 
Measuring the reassociation kinetics does not provide much informa­
tion on the length and arrangment of DNA sequences in the genome. In 
more refined renaturation experiments with DNA of variable but defined 
length and radioactive tracer molecules, a considerable amount of in­
formation has been gained with respect to the sequence arrangement of 
various DNA classes (see ref:7). An important conclusion from such 
investigations was that single copy and repeated sequences occur in­
terspersed in distinct patterns in the eukaryotic genome. Such a reg­
ular pattern of interspersion is found in a major proportion of the 
genomic DNA (50-60%). Two basic types of auch patterns can be dis­
tinguished in different organisms: the "Xenopus" pattern and the "Dro-
sophila" pattern. 
- "Xenopus laevis" or "short-period interspersion" pattern 
In this pattern of interspersion in about 50ί of the genome middle re­
petitive sequences, about 300 nucleotides long, are interspersed 
within non-repetitive sequences of a length of about 700-800 nucleo­
tides. In another 20% of the genomic DNA short repetitive sequence 
elements are interspersed with single-copy sequences, at least 4000 
nucleotides in length. In the residual 25$ of the genome middle re­
petitive sequences are present as longer segments in the genome. 
Their exact localization in the genome is unknown. 
This genomic distribution of the middle repetitive sequences is 
found in the majority of the animal species examined (10). 
- "Drosophlla" or "long period interspersion" pattern 
Exceptions are represented by those animals which show the second type 
of interspersion pattern, the Drosophlla pattern. Here at least 50$ 
of the middle repetitive sequences are interspersed between single 
copy sequences. These interspersed middle repetitive sequences range 
in length from 0.5 up to 13 kb as measured by electron microscopy 
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(11). The average distance between these stretches of middle repeti­
tive sequences is greater than 13 kb. Some of the middle repetitive 
sequence blocks are much longer than 13 kb. This pattern of in-
terspersion is also found in another insect, the honey-bee Apis melli-
fera, and in the nematode Caenorhabditis elegans (12-15). It is how­
ever not charasteristic for insects, since also the Xenopus laevis 
pattern is found in insects (16,17). An intermediate type of in-
terspersion has been described in the chicken (18). The biological 
significance of these different genome structures, if any, is still 
unclear. It is not excluded that other, more refined types of se­
quence organization are present within these averaged patterns. 
1.-5.:_L Hiffhly repeated sequences 
The properties of highly repetitive DNA sequences differ in many 
respects from those of middle repetitive sequences. A fundamental 
difference is that they occur usually in large clusters of tandem re­
peats of a short basic DNA sequence. Such clusters can often be 
separated from the bulk of the genomic DNA by equilibrium density gra­
dient centrifugation in caesium salts: ,lsatellite"-DNA bands appear 
beside main band. This separation is caused by the particular G-C 
content of such repeat clusters, which usually differs from the aver­
age G-C content of eukaryotic DNA (40%), simply due to the fact that a 
short repetitive DNA sequence is unlikely to have G-C and Α-T base 
pairs in the same proportion as the average frequency in the genomic 
DNA. The separation characteristics of the highly repetitive DNA 
fractions in density gradients can be influenced by intercalating 
agents, which bind to the DNA with different sequence specificities. 
This often allows the detection of highly repetitive DNA fractions 
which in their average G-C content are not much different from the 
bulk of the DNA. Another way to isolate highly repetitive sequences 
is centrifugation of denatured DNA after partial renaturation, which 
often leads to a separation between the denatured main band and the 
renatured satellite sequences. 
The tandemly repeated sequences of a satellite DNA are not neces­
sarily identical in their nucleotide sequence. Like middle repetitive 
sequences, highly repetitive DNA sequences may contain considerable 
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sequence divergence. In addition, the sequence complexity of the re-
peated units is subject to a wide variation in different satellites. 
Repeats vary in their complexity from the very simple sequences in the 
crab poly-d(A-T) satellite (21) or the three major hepta-nucleotide 
repeats of Drosophila virilis to the 1400 base pair periodicity found 
in calf satellite 1 (22, 23). In Drosophila melanogaster four satel-
lites have been characterized. Three of these satellites contain a 
very short repeated sequence of 5-10 base-pairs (24, 25, 26). The 
fourth satellite showed a higher complexity, as the repeat consists of 
359 base-pairs (27). 
In situ hybridization experiments revealed that the satellite DNAs 
of D.melanogaster are preferentially located in the centromeric 
heterochromatin of the chromosomes, and that each chromosome of 
D.melanogaster contains a specific combination of these satellite se-
quences (19,20). Three of the four satellites are for example predom-
inantly found on the Y chromosome with a further location on X chromo-
some or chromosome 2 (28, 29). This is in contrast to the situation 
described for Drosophila hydei. From the genome of Drosophila hydei 
at least 12 fractions of repeated DNA sequences could be purified by 
centrifugation, which are composed of either short or much longer re-
peats. No differences could be detected between their abundance in 
the heterochromatin of the different autosomes. The major part of the 
X heterochromatin was shown to consist of one highly repeated frac-
tion. Only the middle region of the Ï chromosome of this Drosophila 
species hybridized in situ with a satellite fraction of moderate com-
plexity (30-32). These findings confirmed earlier investigations, in 
which it was shown that more than 60$ of the X heterochromatin con-
sists of highly repeated sequences, while at most 15Í of the Ï chromo-
some can be composed of highly repeated sequences (33, 34). For a re-
cent review on the nature of clustered satellite sequences see (35). 
Satellite DNAs are however not exclusively present in long, more or 
less regular arrays, and they are not exclusively situated in the cen-
tromeric heterochromatin. For instance, evidence for linkage with 
coding sequences has been obtained: the amplification of the dihydro-
folate reductase gene in a methotrexate-resistant mouse cell line is 
concomittant with the amplification of a linked satellite sequence 
7 
(36). Other examples, where satellite sequences are physically linked 
with non-satellites sequences, were found in the crab, in the mouse 
and in primates (37-40). Satellite sequences are even present in ac­
tively transcribed regions (1*1-1Й), although many studies on satellite 
DNA sequences imply that highly repetitive DNA is usually not tran­
scribed. In any case its base sequence often excludes that proteins 
are coded for. Another example of satellite DNA linked with non sa­
tellite DNA sequences is found in the W chromosome of the snake family 
Colubridae. These sequences are preferentially situated on this chro­
mosome only present in females, the heterogametic sex in this species 
and seem to be conserved in the heterogametic sex in other vertebrate 
species (US, 46). Possible linkage between satellite sequences and 
non-satellite sequences has also been shown in Drosophila hydei and 
sibling species by in situ hybridization with different highly repeat­
ed sequences. These experiments showed hybridization in euchromatic 
regions thought to represent intercalary heterochromatln (47, 48). 
Similar observations were made in in situ hybridization experiments 
with satellite DNAs of Drosophila virilis (49). 
Also the reverse situation, a localization of non-satellite se­
quences within heterochromatic regions has been documented. All the 
middle repetitive sequence elements described up to now in Drosophila 
melanogaster were found not only in various euchromatic regions but 
also in the chromocenter (50-57). Gene-like sequences have been iso­
lated which are adjacent to or even flanked on both sides with satel­
lite DNAs (58, 59). These interspersion patterns could have important 
consequences for the evolution of either the satellite sequences or 
the non-satellite sequence parts (60, 61). The observation that the 
heterochromatic regions in Drosophila are not composed entirely of 
highly reiterated sequences was already predicted by the finding that 
the completely heterochromatic Ï chromosome consists for not more than 
15Í of highly repeated sequences (34). 
Various roles for the satellite sequences have been proposed, which 
include influence on recombination, meiotic pairing, chromosome rear-
rangements, kinetochore organization, acquisition of rapid evolution-
ary changes, a role in the position effect variegation phenomenon, and 
the definition of "chromosomal domains" (62-67). These sequences were 
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also proposed to function as a reservoir of sequences to be converted 
by mutation into less uniform DNA or even genes, or to provide a 
mechanism for increasing the nuclear or the cell size or both. It has 
also been postulated that they have special properties during replica-
tion, giving these sequences selective advantage (68-71). 
1-5.:¿ Middle repetitive sequences 
Middle repetitive sequences can be present from a few to about 
10,000 copies within the eucaryotic genome. A minor but important 
fraction of this class is formed by repetitive structural genes, such 
aa those coding for the ribosomal RNAs, the tRNAs, the histone mRNAs, 
the heat shock proteins, the actins and the tubulins (72). Of these 
structural genes, the ribosomal DNA genes and the histone genes are 
present as clusters in the genome, situated in long tandem arrays and 
separated by non-transcribed spacer sequences. The remaining se-
quences of the middle repetitive sequence class are predominantly in-
terspersed with non-repetitive DNA in short or long period intersper-
sion patterns as described in section 1-4. It has been pointed out 
that these interspersion patterns, as studied by reassociation kinet-
ics, give only a crude view of the genomic organization of repetitive 
and unique sequences. For example, the clustered arrangment of genes 
such as those coding for ribosomal RNA and the histones is not detect-
ed by reassociation kinetics. 
The organism best studied with respect to the organization of mid-
dle repetitive sequences in the genomic DNA is the sea-urchin. 
Several thousand unrelated families of repeated sequences are present 
in its genome. These families of repeated sequences display a con-
tinuous spectrum of repetitivity, ranging from a few to several 
thousand copies per family. The overall size of these families is not 
greatly influenced by the renaturation temperature used in the experi-
ments designed to measure the size, which indicates that the degree of 
divergence of the members between most families is limited (73-76). A 
small sample of these families has been structurally characterized in 
more detail by examining cloned representatives (77-79). An important 
aspect is the observation that members of all families examined thus 
far are transcribed. Tissue- and stage-specific transcripts of both 
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Strands of these sequences were detected in the nuclear RNA. Tran-
scripts are also present in the poly(A)+ RNA of sea-urchin eggs. The 
nucleotide sequence however seems to exclude a translation of these 
RNA molecules into proteins. Their function is unclear (75, 76, 79, 
80). 
Kinetic and structural investigations of the cloned repetitive se-
quences isolated from the sea-urchin genome revealed the existence of 
superfamilies of short or long repetitive sequences. These superfami-
lies consist of small groups of subfamilies each with less than 40 
members. Subfamilies differ from each other by the relative position 
of small diverged sub-elements with a length ranging from a few nu-
cleotides to several hundred nucleotides. The subfamilies themselves 
were shown to consist of either very closely related or more divergent 
colinear sequences. They were apparently not clustered in the genome. 
Highly homologous representatives (showing only about 6$ mismatching) 
of subfamilies of one superfamily were also detected in highly 
diverged sea-urchin species. Since between these species the homology 
of single copy sequences is only 109, a special biological role the 
highly conserved repeated sequences may be assumed. These studies 
also revealed an interesting methodological aspect: the different ar-
rangment of very short homologous blocks in the different subfamilies 
caused the observed decreased thermal stability of their reasssocia-
tion products. This observation complements results of renaturation 
experiments, in which no distinction could be made between two possi-
ble causes of a low thermal stability of a duplex: either the ex-
istence of short blocks of homologous sequences or the homogeneous 
distribution of mismatched base-pairs over longer stretches (78). 
An alternative arrangement was found in another family of middle 
repetitive sequences. This family consists of long non-divergent re-
peats in clustered arrays. These repeats appear to be mainly colinear 
and are not found in the scrambled arrangment of subelements as 
described above (78, 79). 
In the genome of the sea-urchin and in other organisms long repeat-
ed sequences can be detected constituting about 3Í of the genomic DNA 
(82, 83). An upper limit to their length, presumably methodologically 
defined by the experimental conditions, was found to be 15 kb. The 
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majority of these thermostable, i.e. highly homologous, repeats is 
present in about 4 to 7 copies in the genome. Shearing of these long 
repeats generated short repeated sequences which, upon denaturation 
and subsequent renaturation, were present in duplexes with a signifi­
cant higher level of mismatch. This suggested a model, in which the 
longer repeats consist of a precisely determined sequence of shorter 
repeats. These short repeats are members of a repetitive sequence 
family with divergent members within the same long repeats (84, 85). 
In contrast to the sea-urchin genome, where no particular highly 
abundant middle repetitive sequence family can be detected, such a se­
quence class is present in the mammalian genome. It can be divided in 
two subclasses according to the sequence length: the short and the 
long repetitive sequences. Short repeats are present In about 100,000 
copies in the genome. This exceeds the usual size of the arbitrarily 
defined middle repetitive sequence class. Nevertheless it is justi­
fied to classify these sequences as middle repetitive, since they 
share many characteristics with middle repetitive sequences in other 
organisms. For instance, the short repeated sequences are located 
dispersed in the genome and not clustered in tandem arrays such as 
highly repeated sequences, and members of this family are transcribed. 
Long repeated sequences are present in about 10,000 copies in the mam­
malian genome. Two of thesefamilies of repeated sequences are designat­
ed in the primate genomes as the Alu I- and the Kpn I-family. These 
two restriction enzymes digest most members of the respective family 
to a homogeneous length. Both sequence families have attracted much 
attention because of their distinct characteristics (for reviews see: 
4, 81, 86). One particularly interesting feature of the Alu I-family 
is that some of these repeats share properties with a transposable 
element described in Drosophila melanogaster (87). 
The interspersion pattern of the middle repetitive sequences is 
different in Drosophila when compared with the patterns of most eu-
karyotic organisms (see section 1-4). In Drosophila melanogaster the 
middle repetitive sequences are 10-40 χ as long аз the prevalent mid­
dle repetitive sequences found in most other genomes. Most of these 
sequences are surrounded by even longer non-repeated DNA segments. 
The middle repetitive sequence class was shown, by renaturation kinet-
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ics, to consist of approximately 70 families with a reiteration fre-
quency of 40 to 100 copies (11). These families consist of very homo-
logous sequences differing at most in 7Ï of their nucleotides (88). 
Representatives of the middle repetitive sequence class could be iso-
lated due to their abundant expression in poly(A)+ RNA. They all 
share certain properties. Family members of each element are by in 
situ hybridization found at 10 to 100 widely scattered positions in 
the genome, and all members are highly conserved in sequence. The 
copies are flanked by short terminal repeats of 300-500 base-pairs. A 
characteristic feature of these sequences is their ability to tran-
spose to other genomic sites: members of these sequence families are 
found in different strains at different sites in the genome. The 
insertion into a new genomic site is regularly accompanied by a dupli-
cation of a few base pairs at both ends of the transposing sequence. 
The duplicated sequence originates from the insertion site. The 
characteristics of transposition are shared with other prokaryotic and 
eukaryotic sequences, which are known to often acquire new positions 
within the genome by transposition (89-96). Possible intermediates in 
the transposition process were detected as extra-chromosomal circular 
DNA copies in Drosophila cells (97). 
The best investigated example of such sequence families is called 
copia (89). Copia elements are almost exclusively present in the 
genome of Drosophila melanogaster. They show little homology with se-
quences present in the genomes of other Drosophila species (98). This 
does not exclude the possibility however that the other Drosophila 
species contain copia-like elements with a different sequence composi-
tion. The existence of such elements has indeed been described in 
Drosophila virilis (99). 
With in situ hybridization experiments using randomly cloned middle 
repetitive sequences, it was shown that as much as 75Ï of these se-
quences have no fixed position in the genome of D. melanogaster, since 
they hybridize not only to the chromocenter but also to many different 
euchromatic locations in the genomes of different strains. This group 
is collectively designated as the group of "nomadic elements'1 or "mov-
able dispersed genetic elements". The relative copy number of each 
type is fixed within narrow limits (51, 98). 
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Not all the nomadic sequences in the genome of Drosophila melano-
gaster belong to the approximately 25 families of copia-like elements. 
A different class of nomadic sequences is formed by the so called 
fold-back or snap-back elements. A small but significant fraction 
(approximately 3Í) of the eukaryotic DNA will renature very quickly 
after denaturation, even when the DNA is highly diluted. This is 
caused by the formation of the snap-back or fold-back structures due 
to the presence of inverted repeats immediately adjacent to each other 
or separated by up to several thousand nucleotides. The number of 
these inverted repeats was measured to be approximately 3000 pairs in 
the genome of Drosophila melanogaster (100). A few representatives of 
these snap-back elements have been cloned and one has been sequenced 
(101-103). Although inverted repeats apparently are nomadic se-
quences, they lack several characteristics of the copia like elements, 
for example identical terminal repeats, transcription and sequence 
homology of the central region. 
A third class of nomadic sequences is formed by the ribosomal 
insertion sequences of Drosophila melanogaster. A fraction of the ri-
bosomal genes in Drosophila melanogaster contains 28S genes interrupt-
ed by one of two different kinds of insertion sequences, designated as 
intervening sequences (IVS). One of the IVS types (type I) is not 
confined to the ribosomal repeats, but is also detected in the chromo-
center and in a distinct euchromatic band in polytene chromosomes. 
These IVS have properties, as for instance flanking duplications of a 
few base pairs at their site of insertion, that justify their classif-
ication as nomadic sequences. Cloned representatives were found in 
tandem arrays in the chromocenter, interspersed with nonhomologous 
DNA. These interrupting or flanking sequences were shown to be members 
of diverged repeated DNA families. Members of these families hybri-
dized to different euchromatic locations in different strains, again 
implying their nomadic character. These sequences however do not 
share any of the characteristic features of the copia-like elements, 
apart from a small duplication of the target-site (56, ΙΟΊ, 105). 
A different kind of arrangement of middle repetitive sequences is 
apparently masked by the "long period interspersion" pattern (106). 
In these arrangements long repetitive sequences consist of densily 
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spaced short (<0.5kb) moderately repetitive elements. Each cluster is 
composed of a unique arrangment of these short elements. Such clus­
ters were detected at different euchromatic locations. Copies of a 
single element of these clusters are situated in about 1000 different 
regions in the genome. Although these regions apparently contain dif­
ferent concentrations of repetitive DNA, together they form a substan­
tial fraction of the middle repetitive sequence class in Drosophila 
melanogaster. As described above, also the nomadic sequences occupy a 
large fraction of the middle repetitive DNA in this species. These 
conflicting results can at least partly be reconciled by assuming the 
existence of small repeated elements within the nomadic elements. 
Such an internal repetitivity, in addition to the terminal repeats, 
has been found within the copia element (107). Small repeated ele­
ments, situated elsewhere in the genome in the clustered arrangement 
as described above, were indeed detected within one copia-like ele­
ment, but also in a region neigbouring one of the heat-shock genes and 
in a IVS 1 element in a cloned ribosomal repeat. 
The different arrangements of repeated sequences in the genomic 
DNA, as described in the preceding sections, give an insight into the 
structural characteristics of eucaryotic DNA. Nevertheless till now 
no clear biological function can be ascribed to these repeated se­
quences nor is the significance of any of these different arrangements 
known. 
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C H A P T E R 2 
MATERIAL AND METHODS 
2.1 DrosoDhila hlúal. strains 
Chromosomal DNA was isolated from the following strains: 
D.hydei, wild-type (Tuebingen). 
D.hydei, Df(1L)/Df(1L)/Y/Y χ Df(1L)/Y/Y (strain 340/1). 
D.neohydei, wild-type (Austin, Texas). 
D.eohydei, wild-type (Austin, Texas) 
D.repleta, wild-type (Austin, Texas). 
D.virilis, wild-type (Austin, Texas). 
The X;Y translocation stocks are described by Hackstein et al.(23) and 
Hennig and Hackstein (24): 
T(X;Y)7 , containing locus Α. 
Τ(Χ;Υ)20, containing loci A and В. 
T(X;Y)37, containing loci A-C. 
T(X;Y)41, containing loci A-M. 
T(X;Y)48, containing loci N-Q. 
T(X;Y)52, containing loci 0-Q. 
T(X;Y)58, containing locus Q. 
¿.2. Isolation £>£. chromosomal ¡ Щ . 
High molecular weight DNA was isolated from batches of flies frozen 
in N_ as follows: 5-10 g of frozen flies were thoroughly ground with 
dry ice in a mortar. The flies were subsequently homogenized in a 
Blaessig glas homogenizer in 5 ml (per gram wet weight) of a buffer 
containing 0.15 M EDTA, 0.1 M NaCl and 0.05 M of Na-borate (pH 9.Ό. 
The resulting suspension was brought to 3Ϊ SDS and dialyzed for one 
hour against 1 M NaCl and 0.1 M EDTA (pH 8.0) at 65° С (1). Dialysis 
was continued for one hour against standard saline citrate (1 χ SSC, 
pH 6.8) at room temperature. Then 10 ug/ml amylase A were added, fol­
lowed by 250 ug/ml proteinase К 10 minutes later, and dialysis was 
continued for 16 hr against a large volume of 1 χ SSC at room tempera­
ture. To the suspension again SDS was added to 1$ and it was depro-
teinized with an equal volume of water-saturated, freshly distilled 
phenol (with O.IJ 8-Hydroxychinoline) in a slowly revolving shaker (50
ч 
rpm) at 4 С for 2 hr. The phenol-phase was removed after centrifuga-
tion at 2500xg for 1 hr and the aqueous phase and the interphase were 
reextracted. This procedure was repeated twice. After the last cen-
trifugation step the aqueous phase was removed and reextracted with 
cloroform/ isoamylalcohol (24/ 1). After centrifugation at 2500xg for 
1 hr the aqueous phase was dialyzed against 1 χ SSC for 16 hr at 4 C. 
The DNA was further purified by two successive cycles of 
Cs-SOy-gradient centrifugation (initial refraction index: 1.3710) at 
45,000 rpm for 48 hr (15 C) in the A 321 rotor of the IEC ultracen­
trifuge. Fractions of 0.8 ml were collected and the nucleic acid con-
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tent was monitored by U.V. absorption. Fractions containing DNA were 
combined and recentrlfuged in Сз.ЗОд under the same conditions. The 
DNA containing fractions were combinea and dialyzed for 16 hr against 
10 шМ Tris (pH 8.0), 0.1 mM EDTA at 4° С. The purity of the DNA was 
determined from ratios of absorption at 230 nm, 260 nm and 280 nm, and 
from thermal denaturation curves. The approximate molecular weight of 
the DNA was determined by agarose gel electrophoresis. It is usually 
above 30 kb. 10 g flies yield 5 to 10 mg of DNA. 
¿.3. Isolation of DNA on small scale 
DNA from single or a small number of flies was isolated by the fol-
lowing method (see also Appendix to Chapter 3). This method is an 
adaptation and partial modification of already existing methods (2, 
3). Freshly hatched animals were used. One to one hundred frozen 
flies were homogenized in 0.5 ml of ice cold buffer containing 0.1 M 
Tris (pH 8.0), 0.1 M EDTA, lí Sarkosyl and 0.5 mg/mi pronase E. The 
homogenization mixture was incubated for 1 hr at 68 С and centrifuged 
for 10 min at 10,000 rpm in the Sorvall SS31» rotor at 4 C. The pel­
let was reextracted in the same buffer containing pronase E for 1 hr 
at 68 С and centrifuged. The supernatants were combined and incubat­
ed for another hour at 37 C. CsCl was added to this suspension to a 
refraction index of 1.3950. The suspension was layered over a cushion 
of CsCl solved in 0.1 M EDTA (pH8.0) to a refraction index of l.tOOl 
in a SB 405 ultracentrifuge tube. The gradients were centrifuged over 
night in an IEC ultracentrifuge at 45,000 rpm at 15 С The pelleted 
RNA and the top-layer of proteinacious material were discarded. The 
rest of the gradient was dialyzed against 10 mM Tris (pH 8.0), 1 mM 
EDTA for 2 hr at room temperature. Then 10 ug/ml amylase A were ad­
ded , dialysis was continued for 5 min and proteinase К was added to a 
concentration of 250 ug/ml (self-digested for 2 hr at 37 C). Di­
alysis was continued for at least two hours at room temperature and 
followed by one extraction with 1 vol. of chloroform/ isoamylalcohol 
(24/ 1), one extraction with phenol/ chloroform/ isoamylalcohol (25/ 
24/ 1) and two chloroform/ isoamylalcohol extractions. The DNA was 
concentrated by ethanol precipitation. The pellet was dissolved in 10 
mM Tris (pH 7.6), 1 mM EDTA. The yield of DNA from 100 flies is 80 to 
100 ug. 
2..¿ Estimation of DNA concentration 
Estimation of the concentration of DNA in solution was done by U.V. 
absorption at 260 nm (1 O.D.= 50 ug/ml DNA). For the copy number 
determinations the DNA concentrations were measured with the 
diphenylamine-method according to Burton (4). 
Restriction digests 
DNA was restricted with restriction enzymes from BRL and Boehringer 
(Mannheim) according to the recommendations of the suppliers. After 
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the restrictions the digests were heated for 5 min at 70 C. 
1.5. Agarose geleelectrophoreals 
Electrophoresis of the DNA was carried out in 0.8? agarose on a 
vertical electrophoresis apparatus measuring It.5 χ 19 x 3 cm (5), 
with the buffer as described by Loening (6). 0.5$ Bromphenolblue was 
added to the samples as tracking dye and 8Í glycerol was added to keep 
the probes concentrated within the slots. Electrophoresis at 2 V/cm 
was continued till the tracking dye had migrated along 2/3 of the 
length of the gel. After the electrophoresis the gel was stained with 
10 ug/ml ethidium-bromide in distilled water for 30 min and photo-
graphed under short wave U.V. illumination. Length measurements were 
performed as described (7), with Hind III digested lambda DNA as stan-
dard (8). 
¿.2 Polyacrylamide gelelectrophoresis 
To measure fragment lengths below 1 kb, gelelectrophoresis was car-
ried out in 7% Polyacrylamide as described by Maniatis et al. (9). 
2.8 DNA transfer 
Transfer of DNA from agarose gels to nitrocellulose membrane (S&S 
BA 85) was done by the method of Southern (10). 
¿.1 Nick translation ¿I M a 
DNA was labelled with [32]P-dCTP as described (11). Unincorporated 
nucleotides were removed by gelfiltration on Sephadex G-100 in a 
buffer containing 10 mM Tris (pH 8.0) and 0.1 mM EDTA. 
2.10 Hybridization 
Hybridization of [32]P-labelled DNA to DNA fixed on nitrocellulose 
was carried out after preincubating the filters for 5 hr at 70 С in 6 
χ SET (1 χ SET: 150 mM NaCl, 20 mM EDTA, 10 mM Tris.pH 8.0), 0.2$ SDS, 
10 χ Denhardt's solution (1 χ Denhardt's solution: 0.02$ each of 
Ficoll, polyvinylpyrrolidone and BSA fraction V, ref:12) and 100 ug/ml 
salmon sperm DNA (denatured and sheared in 0.2 M NaOH, 1$ SDS at 100 
С for 30 min and neutralized with acetic acid, ref: 13). Hybridiza« 
tion was performed in plastic bags with approximately 100 ul/cm 
filter of a solution containing 6 χ SET, 0.2 $ SDS, 50 ug/ml denatured 
and /-sheared salmon sperm DNA, 2 χ Denhardt's solution and 5 χ 10 - 2 
χ 10 cpm/ml of [32]P-labelled DNA. The radioactive probes were first 
denatured in 0.2 N NaOH for 10 min. and then neutralized with acetic 
acid before adding them to the hybridization mix. Hybridization was 
continued for 24 hr at 70 C. Washing conditions were as indicated in 
19 
the legends to the figures. In general: under unstringent hybridiza­
tion conditions the post-hybridization wash was carried out in 6 χ SSC 
at 70° С for 2 hr, and under stringent conditions in 0.1 χ SSC at 70° 
С for 2 hr. For autoradiography the filters were exposed to Kodalc-
Xomat X-Ray films and Dupont intensifying lightening plus screens at 
-70° С for the period of time indicated in the legends to the figures. 
2.11 Isolation of DNA Xnaa agarose gels 
Restrictionfragments of DNA were isolated from agarose gels accord­
ing to Vogelstein and Gillespie (14). 
¿.12. Minipreparatlon z£_ plaSfflifl Ша. 
DNA of the transformants was isolated in small amounts by the pro­
cedure of Birnboim and Doly (15). 
¿.11 LâE££. äSälS. preparation &£. Plasmid DN¿. 
Plasmid DNA was isolated on large scale by a modification of the 
Birnboim and Doly procedure: Six Luria Broth plates (1$ tryptone, 0.5% 
yeast extract, 0.5Ï NaCl, ImM MgCl , 1.5% Bacto-agar; pH 7.3) contain-
ing 10 ug/ml tetracycline were sewn with a small liquid culture in Lu-
ria Broth (see above, without Bacto-agar) of a single colony and incu-
bated for 48-72 hr. The cells were harvested from the plates and 
suspended in 6 ml TEG (10 mM Tris, 20 mM EDTA, and 0.5 M glucose, pH 
9.6) and treated with 2 mg/ml lysozyme at 0° С for 30 min. The DNA 
was denatured after addition of 12 ml of a solution containing 0,2 N 
NaOH and ^% SDS for 10 min at 0 С Then g ml of 3 M Na-acetate (pH 
4.8) was added and the mixture was left at 0 С for 1 hr. The com-
plexed chromosomal DNA was removed by centrifugation for 20 min. at 
10,000 rpm in a Sorvall HB 4 rotor. Plasmid DNA was collected from 
the supernatant by precipitation with 2.5 volumes of ethanol (1 hr at 
-20 C) and subsequent pelleting. After reprecipitation, the pellet 
was solved in 0.1 χ SSC and CsCl was added to a refraction index of 
1.3950. Centrifugation was for 16 hr at 45,000 rpm and 15° С in the A 
321 rotor of the IEC ultracentrifuge in the presence of ethidium-
bromide (100 ug/ml). The fluorescent plasmid band was removed with a 
pasteur pipet under short wave U.V. illumination, five times extracted 
with isoamylalcohol (equilibrated with CsCl-saturated distilled wa­
ter), and precipitated with ethanol after dilution with four volumes 
of distilled water. After centrifugation the pellet was dissolved in 
0.1 χ SSC and centrifuged in a 8-18% sucrose gradient in 10 mM Tris 
(pH 8.0), 0.5 M NaCl, 10 mM EDTA at 40,000 rpm for 4.5 hr at 5 С in 
the SB 405 rotor of the IEC ultracentrifuge. The plasmid DNA, 
separated from the contaminating E. coli RNA was collected by an ISCO 
gradient-collector with an U.V.monitor, precipitated with ethanol, ex­
tracted with water-saturated phenol and reprecipitated. This pro­
cedure yields 100-150 ug of plasmid DNA per 6 LB plates. 
20 
¿.Ji Isolation QL ÌÙS. clone PUBI 
DNA of the stock 340/1, isolated by the batch method, was restrict-
ed with Bam HI and ligated into the Bam HI site of the vector pBR322 
(16). The ligating mix was used to transform E. coli HB101 (1?, 18). 
Approximately 200 colonies were ampicilline sensitive and tetracycline 
resistant. They were screened by a colony hybridization technique on 
paper filter with [32]P-labelled DNA of the stock З^О/І and of wild-
type females (19). Only three clones gave a stronger hybridization 
signal with 340/1 DNA. One of these, designated as DhBI, was chosen 
for further investigation, because the other two clones contained a 
small insert sequence. The hybridization conditions in the colony 
screen were 2 χ SSC at 70 C; the post-hybridization wash was carried 
out using the same conditions. 
¿.J5. Subclonlng ai fragments ¿I DhBI 
The internal Hind III fragments and the Bam HI-Hind III end frag-
ments of DhBI (see Fig, III-2) were subcloned. For this purpose a Bam 
HI-Hind III double digest of DhBI was electrophoresed on a agarose gel 
and the insert fragments were isolated. Equimolar amounts of the in-
sert fragments were combined. The S'-ends of the fragments in this 
mixture were tailed with poly-d(C) according to Modak (20). The 
length of the tails was monitored by measuring the incorporation of 
[3]H-dCTP after removing unreacted dCTP by passing the reaction mix-
ture over a small Sephadex G 50 column in 0.2 M NaCl, 10 mM Tris (pH 
7.3). The void volume of this column was collected and increased to 1 
ml with elutlon buffer. Equal volumes of this solution and of a solu-
tion containing 1 ug/ml pBR322 DNA, tailed with d(G) according to the 
same procedure, were mixed, heated at 68 С for 5 min and annealed by 
incubation for 2 hr at 42 С and gradually cooling to 22oC in inter­
vals of 50C/2 hr. 100 ul of the annealing mixture were used to 
transform E. coli HB101 (21). 
¿.li Isolation ££ ìJas. slQüSñ. related M DhBI 
For the isolation and screening of the clones two different ap-
proaches were used: 
Method 1: (Isolation of DhHl and DhH2). 
150 ug of batch DNA of the stock 340/1 was restricted with the enzyme 
Hind III and 5 ug of this DNA was after electrophoresis and transfer 
to nitrocellulose,hybridized with DhBI to determine the extent of the 
digestion. The rest of the DNA was separated on a sucrose-gradient 
according to molecular weight (5-10Í sucrose in 500 mM NaCl, 10 mM 
Tris-HCl, 1 mM EDTA, pH 8.0 in the SB 283 rotor of IEC, 16 hr, 32,000 
rpm). Fractions of 0.5 ml were collected and the length of the frag-
ments in each third fraction was determined by electrophoresis of 30 
ul aliquota of these fractions. Fractions containing fragments of 1.5 
kb to 6 kb were pooled and the DNA was precipitated with ethanol. 1 
ug of this fraction was d(C)-tailed. After annealing with d(G)-tailed 
pBR322 and transformation of E. coli HB 101, the plasmid DNA of 60 com-
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bined tetracycline resistant colonies was isolated according to Birn-
boim and Doly (15). These batchwise isolated plasmid DNA preparations 
were electrophoresed on an agarose gel, transferred to nitrocellulose 
and screened with [32]P-labelled DNA of the insert of DhBI. The hy­
bridization- and post-hybridization conditions were 6 χ SSC at 70 C. 
Clones that hybridized with this DNA were isolated by separate screen­
ing of every colony of a duplicate set as described above. 
- Method 2: (Isolation of DhH3, DhH4, and DhH5): After transformation 
of E. coli HB101 with recombined plasmid DNA constructed as described 
above, the total mixture of the transformed cells was grown after 
recovery in a small amount of Luria Broth, containing 20 ug/ml tetra­
cycline, overnight. Plasmid DNA was isolated from these cells accord­
ing to Birnboim and Doly and separated by electrophoresis in agarose 
in a 1.5 cm wide slot. Half of the width of this lane was used for 
Southern transfer to nitrocellulose and the resulting blot was hybri­
dized with DNA of the insert of DhBI. Positively reacting regions 
were cut from the other half of the gel lane and the isolated DNA from 
these regions was used to transform HB101. Tetracycline resistant 
colonies were screened separately as described in method 1. 
2.17 In situ hybridization 
The preparation of [3]H-labelled cRNA and its hybridization to po-
lytene and metaphase chromosomes was carried out essentially as 
described (22). 
i.l§. Containment 
The recombinant DNA experiments were carried out under the contain­
ment conditions specified by the Dutch recombinant-DNA guidelines. 
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C H A P T E R 3 
SUMMARY 
A member of a middle repetitive sequence family has been isolated from 
the genome of Drosophila hydei. The family of repeated sequences con-
sists of a small number of long repeats (>35 kb) which show no se-
quence divergence by restriction mapping. There exists some sequence 
homology to the histone gene cluster. In addition, homologies to oth-
er sequences in the genome are found under non-stringent hybridization 
conditions. One prominent family related to the cloned sequence is 
presumably of transposable nature. When the hybridization patterns of 
the cloned sequence with the DNA of a double-Y chromosome bearing 
strain are compared with those of wild-type flies, changes in nucleo-
tide sequence are detected. 
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INTRODUCTION 
The object of the studies described in this thesis was to charac-
terize middle repetitive sequences (preferably also present in the Ï 
chromosome) isolated from the genome of Drosophila hydei in order to 
extend the knowledge on the genomic structure of Drosophila hydei. 
This species is the subject of investigations, because one conspicious 
feature distinguishes it from the more commonly investigated Drosophi-
la species, D.melanogaster. During the meiotic prophase of the sper-
matogenesis, the Y chromosome of Drosophila hydei forms a set of five 
clearly distinguishable lampbrush-like loops (1). These loops active-
ly synthezise RNA. The RNA products are essential for spermiogenesis, 
since males lacking a Y chromosome or even a single lampbrush loop 
pair are sterile (2). 
Although the lampbrush-like loops are cytologically and genetically 
well investigated, information on the molecular level is scarce (3). 
In early investigations it has been shown, that Y chromosome-specific 
RNA is transcribed from middle repetitive sequences (Ό. Recently a 
series of repetitive sequences could be recovered by recombinant DNA 
techniques, which are situated predominantly in the short arm of the Y 
chromosome (5). A different set, preferentially situated on the long 
arm. was shown to share homologies with sequences on the X chromsome 
and on the autosomes (Hennig et al., in preparation). 
RESULTS 
Isolation of DhB1 
A clone bank (in pBF322) of D.hydei DNA was screened for middle re­
petitive sequences. As a source of DNA for this bank the strain З^О/І 
was chosen. This stock was characterized cytologically by a double Y 
chromosome in males and females and by missing large parts of the X 
heterochromatin. Because the Y chromosome contains 9% of the genomic 
DNA of the wild-type males, the DNA of the stock 340/1 consists for 
approximately 18Í of sequences derived from the Y chromosome (6). One 
clone of this bank, designated as DhBI, which showed a stronger hy-
bridization signal with the DNA used for the construction of the bank, 
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than with DNA of wild-type females, was selected for further studies 
(see Chapter 2). 
Restriction map û£ DhBI 
To characterize the cloned insert, a restriction map of the plasmid 
DhBI was constructed (Fig.IIl-2). The total length of the insert of 
DhBI is 11.8 kb. Data for the restriction sites in pBR322 are derived 
from Sutcliffe (7). 
Hind III restriction map 
Digestion of the plasmid with Hind 111 generates five fragments 
with lengths of 5.6, 4.3, 2.7, 2.6 and 0.9 kb. Digestion of the in-
sert, separated from the vector by Bam HI-digestion and isolated from 
the agarose gel, gives fragments with lengths of 4.3, 2.7, 2.3, 1.6 
and 0.9 kb. This means that the 5.6 and 2.6 kb fragments of the 
plasmid digest carry pBR322 sequences. Because the distances between 
the Bam HI and Hind III sites in pBR322 are 4.0 and 0.3 kb, the outer 
Bam HI-Hind III fragments of the insert must be 1.6 and 2.3 kb long. 
Figure III-1: Mapping of restriction sites 
in DhBI 
Hybridization of the [32]P-labelled Bam 
HI-Hind III outer fragments to a partiell 
Bam HI-Hind Ill-digest of the DhBI insert. 
In the lanes Al and B1 the ethidium-bromide 
stained gels are shown, containing 0,5 ug 
of DNA of the insert of DhBI digested for 5 
or 10 min with 1 unit of Hind III. The au-
toradiograms of hybridization to blots of 
the gels are shown in lane A2 with the 2.3 
kb Bam HI-Hind III outer fragment and in 
lane B2 with the 1.6 kb Bam HI-Hind III 
outer fragment. с 
Hybridization with 2 χ IO-3 cpm/ml. Post-
hybridization wash: 0.1 χ SSC. Autoradiog­
raphy: 10 hr. On the left the lengths of 
the hybridizing fragments are indicated in 
kb. 
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The relative order of the internal Hind III fragments was deduced 
by hybridization with the outer fragments of 2.3 and 1.6 kb (ref:8). 
These fragments were isolated from a gel and nick translated. They 
were hybridized to blots of partial digests of the insert digested 
with Hind III. Figure III-1A2 shows a strong hybridization of the 2.3 
kb fragment with bands of 2.3, 3.2 (2.3+0.9), 7.5 (3.2+4.3), 10.2 
(7.5+2.7) and 11.8 (10.2+1.6) kb length. This indicates the relative 
order of the fragments as shown in Figure III-2. This order is con-
firmed by the hybridization results of the 1.6 kb end fragment 
(Fig.III-1B2). This fragment hybridizes strongly to bands of 1.6, 4.3 
(1.6+2.7), 8.6 (4.3+4.3), 9.5 (8.6+0.9) and 11.8 (9.5+2.3) kb length. 
Apart from the strong hybridization signals also weak hybridization 
can be seen to other fragments with both probes: for instance to the 
2.7 kb fragment. This could indicate a partial homology between the 
probes and these fragments, but it could also indicate slight contami-
nation of the probe with the other fragments. 
Eco RI restriction map 
Digests of DhBI with Eco RI give fragments of 7.8, 6.7, 1.1 and 0.5 
kb. Restriction of the isolated insert gives fragments with sizes of 
7.5, 2.7, 1.1 and 0.5 kb. This proves, that the 7.8 and 6.7 kb frag-
ments carry the vector sequences and contain the 7.5 and 2.7 kb Bam 
HI-Eco RI fragments respectively (Eco RI-Bam HI distances in pBR322: 
4.0 and 0.3 kb). The relative positions of the 1.1 and the 0.5 kb 
fragments were determined by restricting the subcloned 2.7 kb Hind III 
fragment of DhBI with Eco RI (for description of subclones see Materi-
al and Methods and the following section). This subclone, where the 
2.7 kb Hind III fragment of DhBI is inserted in the Pst I site of 
pBR322, gives Eco RI fragments of 4.7, 1.8 and 0.5 kb. Since the dis-
tance from the Eco RI site to the Pst I site in pBR322 is 3.6 and 0.7 
kb, this places the 0.5 kb Eco RI fragment in the middle of the 2.7 kb 
Hind III fragment, flanked at both sides by a 1.1 kb Eco RI-Hind III 
fragment. Since the 1.1 kb Eco HI-Hind III fragment and the 1.6 kb 
Bam HI-Hind IUI fragment provide the 2.7 kb Bam HI-Eco RI fragment, 
and the 7.5 kb Eco RI fragment must be located on the left side of the 
insert, the other 1.1 kb Eco RI-Hind III fragment must be colinear 
with the 1.1 kb Eco RI fragment of DhBI. This places an Eco RI site 
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close to the Hind III site between the 1.3 and 2.7 kb Hind III frag­
ments as shown in the map (Fig.III-2). 
Pst I restriction map 
Pst I digests DhBI in fragments of 7.0, 3.9, 3.7, and 1.5 kb. The 
insert is cleaved into fragments of 6.0, 3.7, 1.5, and 0.6 kb. This 
means that the 7.0 and 3.9 kb fragments carry pBR322 sequences togeth­
er with 6.0 and 0.6 kb Bam HI-Pst I fragments of the insert (distance 
from Pst I to Bam HI in pBR322: 3.3 and 1.0 kb). The relative posi­
tion of the 3.7 and 1.5 kb internal Pst I fragments could be deduced 
by cutting the subcloned 2.7, 4.3, and 1.6 kb Hind III and Bam HI-Hind 
III fragments of the insert of DhBI with Pst I (Fig.III-3). The in­
sert of the 4.3 kb subclone is cut in fragments of 2.θ and 1.5 kb. 
The insert of the 2.7 kb subclone is not cut with Pst I. The insert 
of the 1.6 kb subclone is cut in fragments of 1.0 and 0.6 kb. From 
these data the Pst I sites must be placed as shown in Figure III-2. 
Sal I restriction map 
The plasmid is restricted with Sal I in fragments of 11.2, 4.4, and 
0.5 kb. When the insert is digested with this enzyme, fragments with 
a length of 7.1, 4.4, and 0.3 kb are found. Because the distances 
between Sal I and Bam HI in pBR322 are 4.1 and 0.2 kb, the 11.2 kb and 
the 0.5 kb fragments carry pBR322 fragments and the Sal I sites are 
situated in DhBI as shown in Figure III-2. 
Xba I restriction map 
With this enzyme the plasmid is cut in fragments of 12.1, 3.4, and 
0.6 kb. Since pBR322 is not cut by Xba I, a Xba I-Hind III double 
digest shows directly which Hind III fragments carry Xba I sites. One 
obtains unrestricted Hind III fragments of 5.6, 2.6, and 0.9 kb. The 
4.3 and 2.7 kb Hind III fragments are cut in fragments of 2.5, 1.2, 
and 0.6 kb (4.3 kb Hind III fragment) and of 1.8 and 0.9 kb (2.7 kb 
Hind III fragment). This indicates that the 0.6 kb Xba I fragment is 
located in the 4.3 kb Hind III fragment. It also means that the 2.5 
kb Xba I- Hind III and the 0.9 kb Xba I- Hind III fragments form the 
3.4 kb Xba I fragment. The remaining Xba I- Hind III and Hind III 
fragments form the 12.1 kb Xba I fragment. 
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Xho I restriction map 
This enzyme cuts the plasmid in fragments of 9.9 and 6.2 kb, indi­
cating the presence of two Xho I sites in the insert, since Xho I does 
not cut pBR322. The Hind III-Xho I double digest provides therefore 
direct evidence for the location of the Xho I sites. In this double 
digest the 5.6, 11.3 and 0.9 kb Hind III fragments remain intact. Ad­
ditional fragments of 2.2 and 0.5 kb are derived from the 2.7 kb Hind 
III fragment and fragments of 2.1 and 0.5 from the 2.6 kb Hind III 
fragment of DhBI (2.3 kb insert + 0.3 kb of pBR322). This latter 0.5 
kb Xho I-Hind III fragment forms with the 0.9 kb Hind III, the 1.3 kb 
Hind III, and the 0.5 kb Xho I-Hind III fragments (the latter derived 
from the 2.7 kb Hind III fragment) the 6.2 kb Xho I fragment of DhBI. 
The restriction data are summarized in the restriction map of DhBI 
shown in Figure III-2. 
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Figure III-2: Restriction mapping of DhBI 
A: Restriction map of DhBI. В and C: Restriction maps of the genomic 
localization of DhBI (see also Table III-1). В shows the localization 
of DhBI in the DNA of wild-type flies, С of the strain 340/1. 
Open bar: pBR322 sequences. Thick bar: Insert of DhBI. Thin line: 
Genomic DNA of Drosophila hydei, flanking the DhBI insert sequence. 
Note the scale differences between the restriction map of DhBI and the 
maps of the genomic localization of DhBI. 
Subclonlny of DhBI 
From the results presented in Figure III-1A and Ill-IB homology 
between different fragments of the insert of DhBI was suggested. This 
is illustrated by both Bam HI-Hind III outer fragments of the insert 
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hybridizing weakly to the 2.7 kb Hind III fragment. This fragment 
cannot represent partially digested Hind III fragments, like the frag­
ments with a greater length. To investigate this possible homology in 
more detail and to exclude any contamination, subclones of the inter­
nal Hind III fragments and of the Bam HI-Hind III end fragments of the 
insert of DhBI were constructed. DNA of 28 transformants was isolated 
and the lengths of the inserts were estimated by electrophoresis in 
agarose. Representatives of every "desired" length (i.e the lengths 
of the various Hind III or Bam HI-Hind III fragments of DhBI) were 
present. DNA of a representative of each length class was labelled 
and hybridized to Bam HI-Hind III double digests of DhBI. Four dif­
ferent subclones were identified by their hybridization to the respec­
tive fragments of DhBI by the criterium of length. One subclone, with 
an approximate insert length of 0.9 kb, hybridized however to the 2.3 
kb Баш HI-Hind III fragment of DhBI instead of to the 0.9 kb Hind III 
fragment. Two other Plasmids with a comparable short insert gave the 
same hybridization results. A possible explanation for this anomalous 
behaviour is that during transformation or propagation of the recom­
binant plasmid an extensive deletion within the 2.3 kb fragment took 
place. The E. coli host cells were recA-, as tested by U.V. illumina­
tion, therefore the deletion must have been induced independently from 
this recombination system. In a separate experiment it was proven 
that DhBI shows deletions after prolonged propagation. 
Further attempts to clone the 0.9 kb Hind III fragment of DhBI were 
unsuccesful. 
Determination Q£. Internal hQfflglOKles 
To examine a potential repetitivity within the insert of DhBI, Pst 
I-digests of the four available subclones were hybridized with each 
other as shown in Figure III-3. 
Clearly, most subclones cross-hybridize with at least one other 
subclone, although in this figure a high background hybridization and 
hybridization to fragments not visible in the ethidium bromide stained 
gel is also present. This hybridization is hardly detected in the 
homologous hybridizations after the short exposure time (3 hr). This 
could be caused by the presence of replication intermediates, eo-
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purified during the plasmid isolation. Such intermediates will hybri-
dize with the pBR322 sequence in the labelled probe and will cause the 
hybridization observed in these longer exposed autoradiograms (16 hr). 
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Figure III-3: Internal homology of the insert of DhBI 
0,5 ug DNA of the subclones of DhBI, which are identified above each 
panel, was restricted with Pst I, and length separated on agarose 
(ethidium-bromide stained gels are shown at the left of each panel). 
The DNA of those regions of the gels containing DNA fragments smaller 
than 4,3 kb was transferred to nitrocellulose to prevent pBR322 se-
quences to hybridize. The 4.3 kb fragment was not included to prevent 
its hybridization with the probe. Next to the gels, the homologous 
hybridization patterns are shown. In the other lanes the results of 
hybridization with the various subclones are displayed as indicated 
below each lane, с 
Hybridization with 2 χ 10 opm/ml. Post-hybridization wash: 6 χ SSC 
(lanes a). If a positive response was obtained, a second wash was car­
ried out in 0,1 χ SSC (lanes b). Autoradiography: 3 hr (homologous 
hybridization) and 16 hr (heterologous hybridization). The lengths of 
the fragments are indicated in kb on the left of each panel. Compare 
also the results shown in Figures III-1 and III-8. 
This background leads to problems in the reproduction of these autora­
diograms. Especially hybridization of the 1.6 kb subclone to the 2,3 
kb subclone is unclear in this reproduction. However this homology is 
Ml 
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ізіЫе in Figure UI-I. 
The extent of cross-hybridization between the various subclones as 
detected in Figure III-3 is summarized in Figure III-4. 
0
 Figure III-4: Internal homology of DhB1 
Schematic representation of the internal homolo-
. gy of the insert of DhBI, as determined by the 
experiment shown in Figure III-3. The extent of 
¡ homology is represented by: straight line -
1 strong homology, broken line - weak homology. 
1, These are qualitative indications as discussed 
in the text. \¿ 
Г
ч
\ 
4 \ 
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Here the arrow points from the fragments used as a probe to the frag­
ments bound to the nitrocellulose. The intensity of the hybridization 
signal is indicated with a broken line, if the hybridization is weak 
under non-stringent washing conditions (6x SSC, 70oC) and with a solid 
line, if the hybridization is strong under these conditions. 
The distinction between these two categories of intensity of hy­
bridization is, however, somewhat arbitrary. A hybridization signal 
is designated as weak when it is not much stronger than the background 
and strong when it is clearly visible. Figure III-3 also shows that 
the hybridization intensity of the weakly hybridizing fragments is 
further reduced in the stringent washing step. This may be explained 
by assuming that the strands forming the hybrid have a considerable 
degree of mismatching. Alternatively, the low thermostability may be 
due to a very short region of homology. The current experiments do 
not allow discrimination between these two alternatives. 
The strength of the hybridization can be correlated to some degree 
with the length of the homologous regions in the hybrids. After au­
toradiography for three hours, the signals of the hybridizations of 
the subclones to their "own" fragments have a strength comparable with 
the signals described as strong in the hybridizations to other frag­
ments after 16 hours of exposure. This permits one to estimate that 
about 20} of the length of the hybridizing probe is homologous with 
the other fragment. "Weak" hybridization would then mean that less 
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than 20$ of the insert length of the hybridizing probe is homologous 
with the fragment to which it hybridizes. 
As detailed above, no subclone of the 0.9 kb Hind III fragment was 
found. However, when this fragment was purified from a Hind Ill-
digest of DhBI by gel electrophoresis, labelled by nick translation 
and hybridized to a blot of Hind Ill-digested DNA of DhBI, also hy-
bridization to the other fragments of DhBI is detected (Fig.III-8). 
These homologies may include 10 to 20% of the length of the 0.9 kb 
Hind III fragment of DhBI, as indicated by the strength of the hybrid-
ization signal. However, if the four subclones of DhBI are hybridized 
to a Bam HI-Hind Ill-digest of DhBI, no visible hybridization to the 
0.9 kb Hind III fragment takes place (not shown). These data indicate 
the existence of apparently non-reciprocal cross-hybridization (see 
discussion). In Figure III-5 it is shown that these non-reciprocal 
cross-hybridizations between the respective subclones are also re-
flected in the hybridization patterns of the subclones to chromosomal 
DNA. 
Chromosomal location Q£. DhBI 
To determine the organization of the insert of the plasmid DhBI in 
the genome, DNA was isolated from single wild-type males or wild-type 
females or from a single male of the stock 340/1. The DNAs were dig-
ested with Hind III, transferred after electrophoresis and hybridized 
with the four available subclones of DhBI (Fig.III-5). 
This figure shows that the 2.3 kb Hind III fragment of the insert 
of DhBI hybridizes to fragments of 5.7 kb (panel A). This indicates 
the distance to the next Hind III site in the chromosomal DNA, flank-
ing the cloned insert beyond the left Bam HI site of the insert 
(Fig.III-2). The main fragments of hybridization with the 4.3 and 2.7 
kb subclones as probe (Fig.III-5 В and C) have the same length as the 
inserts of these subclones. The 1.6 kb Hind III fragment hybridizes 
in the DNA of the wild-type males and females with a fragment of 2.5 
kb (Fig.III-5D), situating the Hind III site in the flanking DNA of 
both wild-type flies 0.9 kb beyond the right Bam HI site of the in­
sert. 
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However, with the 1.6 kb Hind III subclone differences in the hy­
bridization patterns between DNA of the wild-type flies on one side 
and the 340/1 male on the other side are obtained, because this sub­
clone hybridizes in the DNA of the stock З^О/І to a fragment of 1.6 
kb. This places the second Hind III site in the flanking DNA of this 
stock immediately besides the right Bam HI site of the insert. The 
1.6 kb subclone hybridizes also to a 1,2 kb fragment in the DNA of the 
stock ЗЧ0/1. Since this hybrid is not stable under stringent washing 
conditions (see Fig.III-б), the homology of the 1.6 kb Hind III frag­
ment of DhBI to this 1.2 kb fragment must be restricted. 
Figure III-5: Genomic localization of DhBI 
Hybridization of the 2.3 kb Bam HI-Hind III subclone (panel A), the 
4.3 kb Hind III subclone (panel B), the 2.7 kb Hind III subclone 
(panel C) and the 1.6 kb Bam HI-Hind III subclone (panel D) of DhBI to 
Hind Ill-restricted DNA of single wild-type males (lane 1), or females 
(lane 2) or single males ef the stock 340/1 (lane 3). 
Hybridization with 1 χ 10* cpm/ml. Post-hybridization wash: 6 χ SSC. 
Autoradiography: 3 weeks. 
On the left the lengths of the hybridizing fragments are indicated, on 
the right the positions of Hind Ill-restricted lambda DNA fragments as 
length standards are indicated in kb. 
Additional hybridizing fragments can be observed in these blots: 
the 2.7 kb subclone hybridizes weakly to a 4,3 kb fragment, while the 
2.3 and the 1,6 kb subclones hybridize weakly to a fragment of 2.7 kb 
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length, reflecting the internal homologies in the insert of DhBI (see 
Fig,lII-4). In the chromosomal blots the labelled subclones also show 
hybridization to fragments of 9.3, 7.8 and 6.8 kb. This hybridization 
is assumed to be an artefact . It is discussed in the Appendix to this 
chapter. 
This experiment gives no indication for heterogeneous flanking se­
quences nor for a sex-linked localization of the DhBI sequence. How­
ever, differences in the fragment lengths of the hybridizing sequences 
between wild-type and S'tO/l flies are seen in Hind Ill-digests, if hy­
bridized with the 1.6 kb subclone. To study the chromosomal location 
of DhBI in more detail, a restriction map of the sequences flanking 
the DhBI insert in the genome was made. To increase the strength of 
the hybridization signal a larger amount of DNA was transferred to ni­
trocellulose. 
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Figure III-6: Genomic localization of DhBI 
Hybridization of DhBI to DNA. in amounts equivalent to the DNA content 
of three flies, of wild-type males (lanes a), females (lanes b) or 
flies of the stock S'JO/I (lanes c), restricted with the enzymes as in­
dicated above each panel.g 
Hybridization with 2 χ 10 cpm/ml. Post-hybridization wash: 6 χ SSC 
(panels 1) or 0.1 χ SSC (panels 2), Autoradiography: 2 weeks (panels 
1) or 4 weeks (panels 2). 
The lengths of the fragments hybridizing after the 0.1 χ SSC wash are 
indicated beside the panels in kb. On the right side of the figure 
the positions of Hind Ill-restricted lambda DNA fragments as length 
standards are indicated in kb. 
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Figure III-7: Genomic localization of 
DhBI 
Hybridization of DhBI (panels 1) and 
the 1.6 kb Bam HI-Hind III subclone of 
DhBI (panels 2) to DNA, in an amount 
equivalent to the DNA content of three 
flies, of wild-type males (lanes a), 
females (lanes b) or flies of the 
stock 340/1 (lanes c), restricted with 
the enzymes as indicated above each 
ganel. g 
ybridizations with 1 χ 10 cpm/ml. 
Post-hybridization wash: 6 χ SSC. Au­
toradiography: 3 weeks. 
On the left of each panel the lengths 
of the hybridizing fragments are indi­
cated in kb. On the right side of the 
figure the positions of Hind Ill-
restricted lambda DNA as length stan­
dards are indicated in kb. 
Fragment length 
in DhB1 
Fragment length in genome 
wild-type 3-10/1 
Bam HI 
Eco RI 
Hind III 
Sal I 
Xba I 
Xho I 
11.8 
7.5 
1.1 
<j.' 
2.7 
2.3 
0.9 
4.3 
2.7 
1.6 
7.1 
4.4 
0.3 
4.4 
0.6 
3.4 
3.4 
2.1 
6.2 
3.8 
11.8 
8.5 
1.1 
0.5 
11.3 
4 7 
" . • • 
4.3 
2.7 
2.5! 
14.81 
4.4 
г 
4.8 
η... 
3.4 
15.8 
î 
6.2 
6.0 
11.8 
8.5 
1.1 
0.5 
11.3 
5.7 
0.9 
4.3 
2.7 
1.6! 
17.9! 
4.4 
7 
4.8 
ü.fc 
3.4 
15.8 
î 
6.2 
6.0 
Table III-1: In this table the lengths of the fragments in the DNA, 
restricted with the indicated enzymes, of wild-type males or females 
or flies of the stock З^О/І hybridizing with DhBI under stringent con­
ditions are summarized. The order of the fragments is from left to 
right on the map of Figure III-2. The localization of the Eco RI bor­
dered flanking sequences can be derived from Figure III-10. The 
respective end fragments are bordered by a Bam HI site on one end. 
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For this purpose, DNA was isolated from small batches of 10 wild-type 
males or females or of 340/1 flies. Equivalent amounts of DNA 
(corresponding to the DNA content of 3 flies) were digested with vari-
ous restriction enzymes, separated on agarose gels and after blotting 
hybridized with [32]P-labelled DNA of DhBI. The hybridization pat-
terns after non-stringent (Fig.III-6, panel 1; Fig.III-7, panel 1 and 
2) and stringent (Fig.III-6, panel 2) washing conditions are shown. 
The hybridization patterns with DNA of wild-type males or females are 
shown in lanes a and b and with DNA of S'tO/l flies in the lanes c. 
The results of the hybridization of the labelled 1.6 kb subclone of 
DhBI are shown in Figure III-7, panel 2, to indicate the right hand 
flanking sequences of the insert of DhBI in these digests (see 
Fig.III-2). 
These data are summarized in the genomic maps (Fig.III-2) and in 
Table III-1. The hybridization patterns obtained after the stringent 
washes show the fragments expected from the restriction patterns of 
DhBI, indicating the absence of a heterogeneous set of flanking se-
quences. Also no differences between wild-type males and females are 
detected. Under non-stringent hybridization conditions however other 
fragments are detected. This means that other sequences in the genome 
are present, which have only partial homology with DhBI. Even under 
non-stringent conditions the differences between wild-type males and 
females are only slight. 
More prominent differences can be observed between the DNA of the 
wild-type flies and the DNA of the 3*0/1 flies, both under non-
stringent and stringent conditions. The hybridization patterns under 
these different stringency conditions will be discussed separately. 
Strain differences 
A) Stringent conditions 
The strain difference observed in the hybridization with the 1.6 kb 
Hind III subclone to the Hind Ill-digests shown in Figure III-5 is 
also observed in digests of DNA isolated from more than one fly 
1 
In contrast to this DNA, the DNA isolated on a large scale, and 
from which DhBI was isolated, will be referred to as batch DNA. 
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by polymorphisms. Another such strain difference is found in the Sal 
I-digests (Fig.III-6). The 7.1 kb Sal I-Bam HI fragment of DhBI hy­
bridizes in the wild-type animals to fragments with a length of 14.8 
kb, but in the DNA of the strain 340/1 with a length of 17.9 kb. In 
the other digests shown in Figure III-6 and III-7 no differences in 
the hybridization patterns are seen. 
It must be concluded that the strain-specific differences (under 
stringent washing conditions) concern the genomic sequences flanking 
the DhBI insert sequence as shown in the genomic map of the insert of 
DhBI (Figure III-2). This map includes a region of almost 35 kb of 
genomic DNA. 
В) Unstringent conditions 
Strain differences between the wild-type flies and flies of the 
stock 340/1 are also detected under non-stringent conditions, espe­
cially in the Bam KI-digests. It is however difficult to obtain a 
clear cut picture of the transitions in the genome structure which 
must have occurred between the wild-type and the 340/1 strain, since 
the differences in the Bam HI patterns are very complex. The differ­
ences in these hybridization patterns cannot be explained simply by 
deletions or substitutions of a particular fragment. Differerces in 
length in at least 10 Bam HI-restricted fragments can be detected 
under non-stringent conditions in the DNA of the wild-type flies, if 
compared to the stock 340/1. These differences were also detected in 
the Bam HI patterns of the DNA of wild-type females and the stock 
340/1, isolated as a batch (not shown). The complex hybridization 
patterns to the BamH I-digests disappear almost completely after wash­
ing the filters under stringent conditions. Only the 11.8 kb frag­
ment, cloned in DhBI, remains visible under the stringent conditions. 
Also the minor differences between the hybridization patterns of both 
sexes of the wild-type flies disappear. Another difference in hybrid­
ization patterns is found in the Hind Ill-digests. Here a 2.5 kb and 
a 1.2 kb fragment are found hybridizing with DhBI in the stock 340/1 
only under non-stringent conditions. The lengths of the corresponding 
fragments in the wild-type DNAs are not clear. 
Some details remain unclear in these mapping experiments. The 
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genomic positions of the right 0.3 kb Sal I-Bam HI fragment could not 
be detected presumably due to the short region of homology. Further­
more, the left 2.1 kb Xho I-Bam HI fragment of the insert of DhBI 
presumably hybridizes to fragments with such a length that their pres­
ence is obscured by the high background hybridization observed in the 
upper part of the gel. The nature of this high background hybridiza­
tion is unclear. It is only detected after hybridization with DhBI 
under non-stringent conditions. Hybridization with other clones 
(ОЬНг/ОЬН1!, described in Chapter 5) on the same DNA does not reveal 
this high background hybridization. Also hybridization of DhBI with 
the batch DNA does not show this background. 
From the intensity of hybridization of the DhBI sequence observed 
in the colony screen, it was concluded that this sequence may occur 
within the genome of wild-type flies and of flies of the stock 340/1 
in multiple copies. Additional evidence was however not obtained from 
the restriction patterns. These are compatible with the restriction 
map of the insert sequence of DhBI and indicate no heterogeneity in 
the flanking genome sequences of this insert. If DhBI is present in 
multiple copies, these copies could be highly homogeneous. The copy 
number was therefore determined in another way. 
Determination ûf. СОРУ Ш Ш Ь Е П ûl ïhs. insert ££ DhBI la ihs. SSmms. 
In order to determine the number of copies of the insert of the 
clone DhBI in the genome, a reconstitution experiment according to Lis 
et al. (9) was performed. For this purpose a known amount of chromo-
somal DNA of the З^О/І strain and of DNA from wild-type females was 
restricted with Hind III. The DNA samples were isolated from larger 
batches of flies to allow accurate measurements of their concentra­
tions with the dlphenylamine method according to Burton (see Chapter 
2). After electrophoresis in agarose the restricted DNA fragments 
were transferred to nitrocellulose membrane together with Hind Ill-
restricted DNA of DhBI in varying amounts equivalent to 0.5 - 200 
copies per haploid genome. Identical blots were hybridized with the 
1.6 kb fragment or with the 0.9 kb DhBI Hind III fragment isolated 
after purification from an agarose gel. Of these hybridizations the 
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one with the 0.9 kb fragment is shown in Figure III-8. 
Figure III-8: Determination of the copy 
number of DhBI 
6.7 ug of batch DNA of the stock 340/1 
and of wild-type females was digested 
with Hind III and after electrophoresis 
(ethidium-bromide stained gel: Al: 340/1 
DNA, A2: wild-type female DNA), 
transferred to nitrocellulose, togethejj 
with increasing amounts (from 2.3 χ IO** 
to 9 χ 10-3 ug) of Hind Ill-restricted 
DhBI DNA. These amounts represent 0.5 
(lane B3), 1 (lane B4), 2 (lane B5). 5 
(lane B6), 10 (lane B7), 20 (lane B8), 
50 (lane B9), 100 (lane BIO) and 200 
(lane B11) copies of the insert of DhBI 
in the haploid genome. ( DNA content of 
the haploid genome: 2.4 χ 101 base pairs 
[10]). Hybridization to this blot with 
the 0.9 kb Hind III fragment of DhBI is 
shown in panel B. B1 and B2 represent 
the hybridizations to the genomic DNAs 
shown in Al and A2 respectively. Note 
the homology of the 0.9 kb Hind III 
fragment to the other Hind III fragments 
of DhBI, as discussed in the text. 
Hybridization with 2 χ 10» cpm/ml. 
Post-hybridization wash: 0,1 χ SSC. Au­
toradiography: 16 hr. 
The lengths of the hybridizing fragments 
are indicated on the left in kb. 
The other hybridization gave comparable results. By comparing the 
areas of the densitometric tracings of the hybridizing fragments of 
genome DNA with those of known amounts of DhBI DNA, the repetition 
frequency of the sequence of the insert of DhBI was determined to be 
six to eight copies per haploid genome. Since the restriction data 
(Fig. III-5, III-6 and III-?) gave no evidence for the presence of 
heterogeneous flanking sequences, the DhBI insert must be located in a 
long stretch (>35 kb) of repeated DNA. 
lu situ hvbridization fl£ DhBI 
The presence of multiple copies of DhBI requires the determination 
of the location of these copies in the genome. This can be achieved 
by in situ hybridization experiments. Hybridization of [3]H-cRNA 
transcribed from DhBI to salivary gland polytene chromosome prepara­
tions revealed two labelled sites in wild-type males and females and 
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in the stock З^О/І. In these preparations no differences were detect­
ed between wild-type males, females and the stock З^О/І. Figure III-9 
shows that hybridization of the RNA was restricted to one band (band 
59 A [11]) in the third chromosome and to the kinetochore of the same 
chromosome. The euchromatic band presumably is the same band in which 
the histone genes are located, as comparison of the result of in situ 
hybridization with cDm 500, containing a histone repeat (12), shown in 
Figure III-9 В (courtesy of Dr.N.H.Lubsen), with the in situ hybridi­
zation result of DhBI (Fig.III-9 A) reveals, 
In situ hybridizations to metaphase chromosomes of neuroblasts gave 
no positive results, presumably due to the low copy number of DhB1 in 
the different genomic locations. 
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Figure III-9: In situ hybridization of DhBI on polytene chromosomes 
Al and A2: Hybridization of [3]H-labelled cRNA from DhBI to the po­
lytene chromosomes of a wild-type male of Drosophila hydei. 
Al : Arrows mark the hybridization to the kinetochore region of the 
third chromosome and to band 3: 50 A (refill). 
A2: The arrow marks the hybridization to band 3:50 A at the base of a 
developmental puff. 
B: For comparison the hybridization of the histone clone of Drosophila 
melanogaster (cDm 500) to the same band is shown. с 
Hybridization conditions: 2 χ SSC. 650C. 4 hr with 2 χ 10 J cpm. 
Post-hybridization wash: 2 χ SSC, 65*C, 2 hr. Autoradiography: б 
weeks. 
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DISCUSSION 
The insert of DhBI has been identified as a member of a small fami­
ly of long and non-divergent repetitive sequences. This family also 
shows homology with other sequences present in the genome, but only 
under non-stringent conditions. Furthermore, with DhBI distinct 
differences could be detected in the restriction patterns of the DNA 
of the double Y-bearlng stock 3A0/1 if compared to the DNA of the 
wild-type flies. In general this family of repetitive sequences has 
characteristic features, some of which distinguish it from the middle 
repetitive sequences described sofar in the genome of Drosophila 
melanogaster (1Θ-26). These features will be discussed separately 
below. 
Localization 
It has been shown that each of two fragments of the DhBI insert is 
present in about seven copies in the haploid genome. It is likely 
that the complete insert of DhBI is present with the same copy number, 
since it occurs as a single colinear fragment in the Bam HI- digested 
DNAs. Also no heterogeneity with the various subclones of DhBI could 
be detected (Fig.III-5). In situ hybridization to polytene chromo­
somes showed two locations of DhBI in the genome of the investigated 
strains: in the kinetochore region and an euchromatic band of the 
third chromosome. This band is also the location of the histone 
genes. Preliminary experiments in addition showed a weak homology 
between the histone gene repeat (clone cDm 500) of Drosophila melano­
gaster and the 2.7 kb Hind III fragment of DhBI. Although no informa­
tion is available on the organization of thehistone genes in Drosophi­
la hydei, it has been investigated in Drosophila melanogaster. Here 
about hundred clusters of a length of 4.8 or 5.0 kb, containing all 
five histone genes, are arranged in tandem arrays. These tandem ar­
rays are interrupted, so that clusters of histone genes are bounded on 
at least one side by sequences of variable length and composition that 
are not homologous to those within the histone repeat unit (12, 29). 
As no extensive experiments were carried out to investigate the possi­
ble homologies between the histone genes and DhBI, no definite conclu­
sions can be drawn from the in situ hybridization data or the weak 
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homology between DhBI and the histone gene repeat of D.melanogaster. 
Nevertheless DhBI is definitely no part of the histone gene cluster. 
This follows from the results of hybridization of the histone gene re­
peat of D, melanogaster to Eco RI-digested genomic DNA of D. hyuei, 
which shows hybridizing fragments of 5.1, ^.2, 2.θ and 2.3 И> 
(P.Huijser, unpublished observation). Fragments of this length are 
not hybridizing with DhBI. Furthermore, DhBI does not hybridize to 
fragments with a length of 4.8 or 5.0 kb in Hind Ill-digested DNA of 
D. melanogaster, representing the lengths of the main histone gene re­
peats (Fig. VI-1). Also the copy number of DhBI is too low to allow 
DhBI to be situated in all histone gene repeats. As is shown by the 
genomic mapping experiments, the repeat in which DhBI is situated is 
at least 35 kb long. These maps does not allow the presence of more 
than one copy of DhBI within the 35 kb repeat, excluding a tandem ar­
rangement of DhBI sequences. Although it is not known how many copies 
of DhBI are located in the euchromatic band, it must be assumed that 
one or more copies of this 35 kb repeat will account for a consider­
able part of this band. Therefore it is more likely that DhBI Is si­
tuated in non-histone segments adjoining the histone repeats. It 
could be speculated that the homology between the histone gene repeat 
and DhBI concerns repetitive elements within the histone repeat. It 
would then be remarkable to find such repeats related to sequences in 
kinetochore associated heteroChromatin. Although the reason for such 
a relationship is completely unknown, it might be of some general bio­
logical relevance since similar observations have been made for other 
repeated elements ( IVS I element sequences in D.melanogaster [23], and 
the IVS element in D.hydei [Hennig et al., Chromosoma 87, 1982, in 
press], which are both inserts of rDNA repeats). 
The localization of the DhBI sequence in the kinetochore-associated 
heterochromatin raises an interesting question. Polytene chromosomes 
display a strong signal with DhBI in the kinetochore-associated 
heterochromatin, at least in chromosome 3. This can only be inter­
preted to indicate polytenization of the DhBI sequence in salivary 
glands. It is often maintained that kinetochore-associated hetero­
chromatin is not replicated during polytenization, as other hetero-
chromatic regions too. This very general view must obviously be modi­
fied in the light of the present and other data from this (Vogt and 
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Hennig, in preparation) and other laboratories (18-28). It has also 
been demonstrated that sequences located in a heterochromatic environ-
ment are at least partially replicated (31, 32). In spite of recent 
claims (17), there can however be little doubt that certain DNA se-
quences, in particular highly repetitive sequences are not replicated 
during polytenization (6, 27, 30). The molecular mechanisms and the 
consequences for chromosome structure are still unresolved (cf. Laird: 
30). 
Another problem is raised by the observation that at least two se-
quence changes must have occurred between different strains (i.e. 
wild-type and 310/1) which are detected in the hybridization patterns 
with DhBI under stringent conditions. This implies that all DhBI con-
taining copies must have been substituted by copies with a modified 
sequence. The situation becomes more complicated by the fact that 
DhBI sequences are not restricted to a single chromosomal position, 
but reside in at least two loci as seen in the in situ hybridization 
experiments. The existence of a rectification mechanism has to be 
postulated, which compares and changes the regions which contain the 
copies of the DhBI insert. Although such rectification mechanisms 
(i.e. gene conversion, unequal crossing over or transposition: 33-35) 
have been described, no indications can be given on its nature in this 
particular case from the data available. 
In the colony hybridization screen no Y chromosome-specific se-
quences were detected, although about 20% of the clones could be ex-
pected to be derived from this chromosome. These findings are in 
agreement with other recent data, which indicate that the Y chromosome 
of eukaryotic organisms consists for the greater part of sequences 
shared with the autosomes or the X chromosome or both. This situation 
was found for Drosophila melanogaster (13), Drosophila hydei (14, Vogt 
and Hennig, submitted for publication), but also for man (15, 16, 38). 
The low number of unique sequences on the Y chromosome may be corre-
lated with the existence of the unexpectedly low number of complemen-
tation groups on this chromosome if related to its DNA content (2). 
The hybridization behaviour of DhBI with the two genomic DNAs in 
the colony hybridization screen suggested a Y chromosomal origin of 
this sequence, although it would be expected to have a few copies also 
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on the X chromosome or the autosomes or both, as it also showed hy-
bridization with the DNA of the wild-type females. The hybridization 
results on genomic blots under stringent conditions however suggested 
either an autosomal location for this sequence, or an equal distribu-
tion of copies of this sequence between X chromosome and Y chromosome 
and perhaps autosomes (Fig.III-5, Fig.III-6 and III-7). In situ hy-
bridization experiments on polytene chromosomes showed two locations 
for this sequence. These results do not exclude the presence of one 
or a few copies in the sex chromosomes. In situ hybridizations to 
metaphase chromosomes were not sufficient to detect the low number of 
copies in their different genomic locations. Although the discrepancy 
between the results of the colony screen and the results mentioned 
above could be explained by assuming an artificial cause, another ex-
planation is possible. Hybridization might have taken place to a re-
peated sequence predominantly present in the Y chromosome and connect-
ed to a sequence distantly related to DhBI (see discussion Chapter 5). 
DhBI related sequences 
DhBI shows homology to other sequences present in the genome, apart 
from to the histone gene repeat, but only under non-stringent condi-
tions. In the Bam Hi-digests, substantial differences in the sequence 
composition of such cross-reacting sequences become apparent if wild-
type and 340/1 flies are compared. The extent of these differences 
suggest a transposable nature of a DhBI related sequence, present in 
more than ten copies in the D.hydei genome. It is likely, that only a 
limited part of the insert of DhBI is responsible for the hybridiza-
tion to this presumed transposable element. This is suggested by the 
complete disappearance of these hybridization patterns under stringent 
conditions and by the failure to detect a comparable set of sequences 
in any of the other genomic digests. These other restriction sites 
could be more or less regularly spaced within the conserved region of 
this transposable element. This could result in one or a few frag-
ments in these digests, which are not detected, because they are 
masked by the high "background" hybridization observed in the upper 
part of the gel after the non-stringent wash. Alternatively these 
spacings could be too small to enable detection of these fragments. 
Fragments smaller than between 0.5 and 1.0 kb are hardly detected in 
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the present study. If the homologous region in the digests other than 
with Ваш HI is masked by the background hybridization, this would mean 
that the Bam HI bordered sequences are only partially overlapping this 
central region and that one Bam HI site is situated in the heterogene­
ous flanking sequences. Another explanation would be offered by as­
suming that the Bam HI sequences, heterogeneous in length, are located 
inside repeats with a constant length in the other digests. 
Another example of the existence in the genome of sequences with 
partial homology to the insert of DhBI is found in Hind Ill-digested 
DNA of the stock 340/1. In this DNA fragments of 2.5 and 1.2 kb are 
detected, which only hybridize under non-stringent conditions with 
DhBI (Fig.III-6). Due to their low homology to the insert of DhBI, 
fragments hybridizing under non-stringent conditions with DhBI could 
not be detected with the in situ hybridization experiments to polytene 
chromosomes. 
The existence of widely diverged copies of sequence families has 
sofar not been detected in the genome of D.melanogaster (24). These 
studies of Wensink showed that the middle repetitive sequence class as 
a whole only shows a divergence of 3-716. The divergence of the se­
quences mentioned above must be much higher. Another explanation for 
the unstability of the hybrids could however be offered by assuming 
that the region of homology is highly conserved, but very small in 
length. These small repeated elements would then be situated between 
stretches of completely non-homologous DNA. 
Internal homology of DhBI 
A complex pattern of homology between the different Bam HI-Hind III 
and Hind III fragments of the insert of DhBI was detected (Fig.III-3, 
III-5 and ΙΙΙ-Θ). A phenomenon to be explained in this complex pat­
tern is that in most cases no reciprocity in signal strength of hy­
bridization is obtained. One possible explanation for this non-
reciprocity is the assumption, that a particular Sequence is too short 
to detectably hybridize if bound to nitrocellulose, but that it can 
form detectable hybrids, when in solution and used as a probe, with a 
longer homologous sequence bound to nitrocellulose(see figurenextpage), 
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It can be derived from Figure II1-3 that in most cases one particu­
lar fragment cannot share one identical region of homology with two 
other fragments, because this would have been reflected in the cross-
hybridization behaviour of these latter fragments. These cross-
hybridizations indicate that a considerable proportion of the insert 
of DhBI should be taken by different repeats. However the existence 
of these different repeats were not detected by renaturation experi­
ments with DhBI, which showed an almost 100 Î renaturation without 
detectable mismatch (not shown). The decrease of the hybridization 
signal after the stringent post-hybridization wash is assumed to be 
caused by the low thermostability of the heteroduplexes due to the 
short homologous subfragments. If mismatch would be the cause of this 
hybridization behaviour, the homologous regions in the insert would of 
course cover longer segments of this insert. 
This assumed organization of short repetitive sequences within a 
longer repeated segment is reminiscent of the scrambled organization 
of repeated sequences in the genome of Drosophila melanogaster as 
described by Wensink et al. (25). A corresponding organization is 
also found in the sea-urchin. As described in section 1-5:2 of 
Chapter 1, Craig et al. showed that long repeats are present in this 
genome in about 4 to 7 perfectly matched copies, which contained ar-
rays of diverged small repeats. The functional significance of this 
arrangement was however not clear (36, 37). 
An indication for the existence of tandem repeated sequences in the 
insert of DhBI is given by the occurrence of deletions during the pro-
pagation of this plasmid. Also the subcloned fragments of DhBI show 
the occurrence of deletions. The detailed organization of the repeti-
tive sequences in the insert of DhBI cam however only be clarified by 
sequencing the regions of interest. 
47 
REFERENCES 
1: Hess 0.. Chromosoma 16, 222-248 (1965). 
2: Hackstein J., 0. Leoncini. H. Beck, G. Peelen, W. Hennig, Genetics 
101, 257-277 (1982).. , ,
 п ч 3: Hennig W., Ent. Germ. 4, 200-210 (1978). 
4: Hennig W., J. Mol. Biol. 38, 227-239 (1968). 
5: Vogt P.. W.Hennig, I. Siegmund, Proc. Nat. Acad. Sci. US 79, 
, 5132-5І35 (1982). 
6: Hennig W., J. Mol. Biol. 71, 419-431(1972). 
7: Sutcliffe J.G., Nucleic Acids Res. 5, 2721-2728 (1979). 
8: Saint R.B., J.B. Egan, Mol. gen. Genet. 171. 103-105 (1979). 
9: Lis J.T., L. Prestidge, D.S. Hogness, Cell 14. 901-919 (1978). 
"" Mulder M.P., P. van Duijn, H.J. Gloor, Genetica 39, 385-428 
(1968). 
Berendes H.D., Chromosoma 14, 195-206 (1963). 
Lifton R.P, M.L. Goldberg, R.W. Karp, D.S. Hogness, Cold Spring 
Harbor Symp. Quant. Biol. 42, 1047-1051 (1977). 
Smith S.S., C.A. Thomas jr, Gene 13. 395-408 (1981). 
Lifschytz E., J. Mol. Biol. 133, 267-277 (1979). 
Cooke H.J., Nature 262. 182-186 (1976). 
Kunkel L.M., K.D. Smith, S.H. Boyer, Biochem. 18, 3343-3353 
( 1979). с , a s 
L. Dennhoefer, Theor. Appi. Genet. 63, 193-199 (1982). 
Wensink P.C., D.J. Finnegan, J.E. Donelson, D.S. Hogness, Cell 3, 
315-325 (1974). 
Glover D.M., R.L. White, D.J. Finnegan, D.S. Hogness, Cell 5, 
149-157 ίΐ9Ϊ5). 
Finnegan D.J.. G.M. Rubin, M.W. Young. D.S. Hogness. Cold Spring 
Harbor Symp. Quant. Biol. 42, 1053-1063 (1978). 
Young M.il.. Proc. Nat. Acad. Sci. US 76, 6247-6278 (1979). 
Lis J.T., D. Ish-Horowicz, S.M. Pinchin, Nucleic Acids Res. 9, 
5297-531Ô (1981). 
Dawid.I.B.. E.O. Long, P.P. DiNocera, M.L. Pardue, Cell 25, 
399-408 (1$81). 
Wensink P.C., Cold Spring Harbor Symp. Quant. Biol. 42, 1033-1039 
(1978). 
Wensink P.C., S. Tabata, С Pachi, Cell 18, 1231-1246 (1979). 
Scherer G., G. Tschudi. J. Perera, H. Delius, V. Plrotta, J. Mol. 
Biol. 157, 435-451 (1902). 
Gall J.G., E.H. Cohen, M.L. Polan, Chromosoma 33, 319-344 (1971). 
Biessmann H,. P. Kuger, C. Schroepfer, E. Spindler, Chromosoma 82, 
493-503 (19è1). * ,„
 D 0 ' 
Kedes L.H., Ann. Rev. Biochem. 48, 837-870 (1979). 
Laird CD., Ann. Rev. Genet. 7. 1І7-204 (1973). 
Endow S.A., D.M. Glover, Cell 17. 597-605 (1979). 
Hennig W., B. Meer, Nature 233. 70-72 (1971). 
Coen E, T. Strachan. G. Dover,J. Mol. Biol. 158, 17-35 (1982) 
Dover G., Nature 299, 111-117 (1982). 
Spradling A.C., G.M. Rubin, Ann. Rev. Genet. 15, 219-264 (I98I). 
Craig S.P., N. Chaudhari, M. Steinert, Biochem. Biophys. Acta 565, 
33-55 (197$). 
Chaudhari N, S.P. Craig, Proc. Nat. Acad. Sci. US 76, 6101-6105 
(1979). 
Daiger S.P., R.S. Wildin, T.-S. Su, Nature 298, 682-684 (1982). 
4Θ 
APPENDIX 
DNA-i3olation 
In situ hybridization to polytene chromosomes in the larval 
salivary glands of Drosophila can be used to detect the genomic dis-
tribution of sequences present in the euchromatic chromosome regions. 
The heterochromatic arm of the X chromosome and the heterochromatic Ï 
chromosome are, however, underreplicated during polytenization (1). 
Therefore these regions are not discernable in giant chromosomes in 
salivary gland squashes. Localization of sequences in these chromo-
some regions is therefore not feasible by this approach. An alterna-
tive is hybridization to metaphase chromosomes, the use of this tech-
nique is however at the present still limited by the sensitivity of 
the autoradiographic detection (see ref.2). Another approach is hy-
bridization to genomic blots of genetically defined stocks (3). A 
prerequisite for this approach is the ability to obtain pure DNA of 
high molecular weight from one or a few individuals of such a genetic 
constitution. Methods already existent (4-5) gave unsatisfactory 
results when used to extract DNA from a single fly. An example is 
shown in Figure III-10. SDS/K-acetate precipitation of protein com-
plexes and ethanol precipitation of the nucleic acids from the super-
natant gives, after blotting and hybridizations, a complex pattern of 
hybridization with [32]P-labelled outer fragments of DhBI (Fig.III-10, 
panel 2). The nature of the hybridization to this single-fly prepara-
tion is unknown, but could be caused by unspecific binding of the la-
belled probe. This assumption is supported by the strength of the ra-
dioactive signal, which is greater than expected from the amount of 
DNA transferred (4 ug single-fly DNA against 5 ug batch DNA) while 
about the same amount of labelled probe is used per cm2 filter-
surface. The number of labelled bands is considerably reduced if part 
of the procedure described in material and methods is used (see 
below). In the hybridization experiments shown in Figure III-5 and 
III-10, panel 3, single-fly DNA was prepared by this method, without 
the deproteinization step after the CsCl gradient centrifugation. 
These DNAs were directly precipitated from the CsCl and used without 
further treatment. As is seen in these figures the DNA shows three 
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extra bands in the Hind III- and two in the Eco RI-digests after hy­
bridization with the subclones of DhBI. These bands are also found 
after a 0.1 χ SSC wash of the hybridizations of Figure III-5 (not 
shown). Also an effect of the d(G)-d(C)- tails of the subclones can­
not be excluded, although hybridization with a [32]P-labelled 
d(G)-d(C)-homopolymer probe did not show a specific response on blots, 
except a high but even background. The patterns of hybridization with 
the fully deproteinized, batch DNA (Fig.III-10, panel 1) can be repro­
duced however with the procedure as described in Materials and 
Methods, both with the subclones of DhBI and with DhBI itself as shown 
in Fig.III-10 panel 4. The important steps in this isolation pro­
cedure is a careful but intensive deproteinization by combined pro­
teinase К treatment, CsCl centrifugation and extensive phenolization. 
Equally important is the omission of the intermittent DNA precipita­
tion with ethanol. 
2A 2B ЗА IB 4A AB AC 
Figure III-10: Influence of DNA-isolation method on hybridization pat­
terns 
Panel 1: Hybridization of DhBI to 5 ug of Eco RI-digested batch DNA of 
the stock 540/1 (lane a) and of wild-type females (lane b). 
Panel 2: Hybridization of the 2.3 kb Bam HI-Hind III subclone (panel 
2A) and the 1.6 kb Bam HI-Hind III subclone (panel 2B) of DhBI to Eco 
RI-digested DNA of single wild-type males (lanes a) or females (lanes 
b), isolated by the SDS/K-acetate procedure. 
Panel 3: Hybridization of the 2.3 kb Bam HI-Hind III subclone (panel 
ЗА) and the 1.6 kb Bam HI-Hind III subclone (panel 3B) of DhBI to sin-
fle wild-type males (lanes a) or females (lanes b). anel 4: Hybridization of DhBI (panel 4A), the 2.3 kb Bam HI-Hind III 
subclone (panel 4B) and the 1.6 kb Bam HI-Hind III subclone (panel 4C) 
of DhBI to Eco RI restricted DNA of single wild-type males (lanes a), 
females (lanes b) or single males of the stock 340/1 (lanes c), iso­
lated as described in Material and Methods (Chapter 2). 
Hybridizations with 1 χ 10° cpm/ml. Post-hybridization wash: 0.1 χ 
SSC, Autoradiography: 3 weeks (panels 2, 3, 4) or 3 days (panel 1). 
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C H A P T E R k 
SUMMARY 
A sequence, distantly related to the sequence described in the preced-
ing chapter, has been isolated. This sequence is presumably present 
in a single copy in the X heteroChromatin. It displays differences in 
the restriction sites between the wild-type flies and flies of the 
double-Y chromosome bearing stock. It is distantly related to various 
other sequences in the genome. One of this related sequences has been 
subjected to extensive rearrangements in the double-Y chromosome bear-
ing stock within a short period of time. 
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INTRODUCTION 
To extend the knowledge on the structure and location of repetitive 
sequence families in the genome of D.hydei, it was decided to isolate 
some sequences with partial homology to DhBI. A suitable sequence is 
contained in the 2.5 kb Hind III fraction of the DNA of the stock 
3M0/1. A fragment of this length cross-hybridizes with DhBI ex­
clusively under non-stringent conditions in this DNA. However in DNA 
of wild-type females the 2.5 kb fragments hybridize with DhBI also 
under stringent conditions (Fig.IV-1). This suggests that the 2.5 kb 
fragments in the DNA of wild-type flies and of З^ОЛ flies are not 
identical. That both fragments are different is substantiated by the 
observation that the 1.6 kb subclone of DhBI hybridizes with the 2.5 
kb fragments in the wild-type DNA, but exclusively with the 1.6 kb 
fragment in the ЗЧ0/1 DNA under stringent conditions. In the course 
of the experiments it turned out however that the cloned sequences 
with homology to DhBI contained various insert lengths. 
RESULTS 
Isolation of DhBI related clones 
As described in Material and Methods two approaches were used for 
cloning DhBI related sequences. In both methods DNA enriched in Hind 
Ill-restricted fragments with a length of 1.5 to 6 kb was used. 
Figure IV-1: Hybridization of DhBI to 5 ug of 
batch DNA of the stock З^ОЛ (lane a) and 3 ug of 
batch DNA of wild-type females (lane b), restrict­
ed with Hind III. The position of the 2.5 kb 
fragments are indicated by an arrow (see text). 
The autoradiograms after a non-stringent and 
stringent wash are shown.g 
Hybridization with 1 χ 10 cpm/ml. Autoradioera-
ghy: 4 days (after 6 χ SSC wash) or 8 days (after 
.1 χ SSC wash). 
The lengths of the hybridizing fragments are indi­
cated in kb. 
».# · 
6.SSC «hSSC 
* b . b 
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In the first method the clones were batchwise screened after blot-
ting unrestricted plasmid DNA. A total of 6000 colonies was investi-
gated. Two plasmids hybridizing with DhBI were isolated. They were 
designated as DhHI and DhH2. Their characteristics will be discussed 
in this and the next chapter. By the second method 21 tetracycline 
resistant colonies were recovered after the second transformation. It 
was found that all of these colonies contained plasmids with homology 
to DhBI. After restriction with Pst I these plasmids could be divided 
in three classes according to their fragment lengths, containing 18, 2 
or 1 plasmids respectively. The first class of 18 clones had an in-
sert of 4.3 kb which was cleaved by Pst I into fragments of 2.8 kb and 
1.5 kb. A representative of this class, designated as DhH5, was found 
by hybridization to genomic blots to contain the 4.3 kb Hind III frag-
ment of DhBI. This class will not be discussed further. The second 
class contained Pst I fragments of 1.4 and 0.9 kb. A representative 
of the second class, designated as DhH5, turned out to be a deleted 
4,3 kb Hind III subclone of DhBI by hybridization to genomic blots and 
to blots of DhBI. Also this class will not be discussed. The third 
class consisting of a single plasmid, DhH4, characterized by a complex 
Pst I pattern, will be discussed in Chapter 5. In these screening ex-
periments the weak homology between DhBI on one side and DhHI, DhH2 
and DhH4 on the other side could already be established, because under 
stringent conditions DhBI did not show hybridization to these 
plasmids. 
Characterization QL iue. clone PPI 
The plasmid, designated as DhHI, has an insert of 5.4 kb. Such a 
Hind III fragment is not found within DhBI or in its flanking genomic 
sequences. A map of the plasmid (Fig.IV-2) was constructed with the 
same enzymes used for the characterization of DhBI (Fig.III-2). The 
enzyme Sal I cuts the plasmid in fragments of 7.5 and 2.2 kb. The po-
sition of the pBR322 sequence was deduced from a Sal I-Hind III double 
digest. Here only the 2.2 kb fragment is cut by Hind III in fragments 
of 1.6 and 0.6 kb length, placing the Sal I site in the insert 1.6 kb 
to the left of the Hind III site in pBR322 (distance Sal I-Hind III in 
pBR322: 3.7 and 0.6 kb). The enzyme Xho I has only one restriction 
site in DhHI. Its location can be defined by a Sal I-Xho I double dig-
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est. In this digest the 7.5 kb Sal I fragment is out by Xho I in 
fragments with a length of 5.0 and 2.5 kb. Because the larger Sal I-
Pst I pBR322 fragment is 3.0 kb, there is only one possible location 
of the Xho I site (Fig. IV-2). Eco RI cuts DhHI in fragments with 
lengths of 4.2, 2.9 and 2.6 kb. These three Eco RI sites could be 
placed within the insert by a Sal I-Eco RI double digest. This diges­
tion cleaves the 7.5 kb Sal I fragment in fragments with a length of 
3.6, 2.6 and 1.3 kb, while the 2.2 kb Sal I fragment is separated in 
fragments with lengths of 1.6 and 0.6 kb. The enzyme Pst I digests 
DhHI in fragments of 4.3 kb length, which represents pBR322, and of 
2.θ and 2.6 kb length. Their position relative to each other could be 
established with a Pst I-Xho I double digest, which separates the 2.6 
kb Pst I fragment in two fragments of 2.0 and 0.6 kb, placing the 
internal Pst I site 0.6 kb to the left of the Xho I site. These data 
were combined in the restriction map in Figure IV-2. Comparison with 
the map of DhBI (Fig.III-2) shows no obvious relationship. 
f i l a » ! • » І И · 
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Figure IV-2: Restriction mapping of DhHI 
A: restriction map of the plasmid DhHI. 
B: restriction map of the genomic localization of the insert of DhHI 
in the DNA of wild-type flies showing also the restriction sites which 
are conserved in the DNA of the stock 340/1. The location of the 
non-conserved Sal I site in this stock is indicated below this map. 
Open bar: ÇBR322 sequences. Thick bar: insert sequence of DhHI. Thin 
bar: genomic DNA, flanking the insert sequence or DhHI, Vertical bars: 
deleted region in DhHI. Oblique bars: 10 kb of genomic DNA not drawn 
in the map. 
HomoloffY between DhBI and DhHI 
The insert of DhHI has been isolated on basis of its partial homol-
ogy to DhBI. This relationship between DhBI and DhHI was studied in 
more detail by hybridizing [32]P-labelled DNA of DhBI to a DNA blot of 
DhHI after a Pst I-digest. The result (Fig.IV-3) shows hybridization 
to the 2.8 kb fragment of DhHI. 
55 
H ν: 
Figure IV-3: Homology between DhHI and the 
4.3 kb Hind III subclone of DhBI 
1 ug of Pst I-restricted DNA of DhHI was 
after electrophoresis (ethidium-bromide 
stained gel: lane 1) transferred to nitro­
cellulose and hybridized with the 4,3 kb 
Hind III subclone of DhBl.c 
Hybridization with 2 χ 10J cpm/ml. Post-
hybridization washes: 6 χ SSC (lane 2), 4 χ 
SSC (lane 3), 2 x-SSC (lane 4) and 1 χ SSC 
(lane 5) at 70 С, Autoradiography: 3 hr 
after each wash. 
The lengths of the fragments are indicated 
on the left in kb, 
WWîl1"'! · » 
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Figure IV-4: Homology of DhHI with DhBI, DhH2 and DhH4 
Lanes A represent the ethidium-bromide stained gels after electro-
Çhoresis of 1 ug of: ane 1A: Pst I-digested DNA of DhHI, 
lane 2A: Bam HI-Hind Ill-digested DNA of DhBI, 
lane ЗА: Pst I-digested DNA of the 4.3 kb Hind III subclone of DhBI, 
lane 4A: Pst I-digested DNA of DhH2 and DhH4. 
In the next panels the autoradiograms of the hybridization with 
[32]P-labelled DNA of DhHI are shown after the post-hybridization 
washes as indicated. The hybridization conditions and autoradiography 
were identical as in Figure IV-3. 
The lengths of the fragments are indicated in kb on the left of the 
figure. 
When [32]P-labelled DNA of DhHI is hybridized to a Bam HI-Hind III 
double digest of DhBI, hybridization is seen only to the 4.3 kb Hind 
III fragment of DhBI (Fig.IV-4, lane 2) apart from hybridization to 
the 4.0 and 0.3 kb Bam HI-Hind III fragments of pBR322. Within the 
4.3 kb subclone of DhBI only the 1.5 kb Pst I fragment hybridizes with 
DhHI (Fig.IV-4, lanes 3). The regions of homology between DhBI and 
DhHI are therefore located in the 2.8 kb Pst I fragment of DhHI and 
the 1.5 kb Pst I fragment of the 4.3 kb Hind III subclone of DhBI. 
In Figure IV-4 lanes 4, the hybridization is shown of labelled DhHI 
to the recombinant clones DhH2 and DhH4, which will be discussed in 
Chapter 5. 
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It is shown in Figure IV-3 and IV-M, that by increasing the 
stringency of the post-hybridization wash, the heterologous hybridiza­
tion is strongly reduced. These hybridization signals have disap­
peared completely after a 1 χ SSC wash, indicating a fairly high de­
gree of mismatching or the presence of small homology regions. 
Genomic localization of DhHI 
The results of the hybridizations of [32]P-labelled DhHI to blots 
of genomic DNA, isolated from wild-type males, females or flies of the 
stock 310/1, and restricted with a variety of enzymes, are shown in 
Figure IV-5. In this figure, the ethidium-bromide stained gels are 
shown together with the hybridization patterns. One striking feature 
of the insert of DhHI can be seen directly in the hybridization pat­
terns on the genomic blots of the wild-type flies. The signal 
strength of equally long fragments differs in males (lanes a) and fe­
males (lanes b). The signal with DNA of the males has approximately 
half of the intensity that is seen with the DNA of the females. These 
differences in intensity are not caused by an equivalent difference in 
the amount of DNA applied to the gel as the ethidium-bromide stained 
gels show. This indicates a location in the X chromosome of the in­
sert sequence of DhHI. The results of the hybridizations under 
stringent conditions are summarized in Table IV-1. 
Strain differences 
A) Stringent conditions 
Between the patterns of hybridization to the DNA of the wild-type 
flies and the DNA of the strain 340/1 obvious differences are apparent 
for the enzyme Sal I or for double digests with Sal I and Hind III. 
The left 4.8 kb long Sal I-Hind III fragment of DhHI (Fig.IV-2) hybri­
dizes to a 8.2 kb long fragment in the Sal I-digests of the wild-type 
flies. This fragment appears with a length of 1.8 kb in the Sal I-
Hind III double digests of the DNA of the wild-type flies as would be 
expected from the length of the internal Sal I-Hind III fragment of 
DhHI (Fig.IV-2). In the DNA of the 340/1 stock however this left Sal 
I-Hind III fragment of DhHI hybridizes in both the Sal I and the Sal 
I-Hind Ill-digests to a band of 4.5 kb. This is 0.3 kb less than the 
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corresponding fragment in the insert of DhHI. 
Figure IV-5: Genomic localization of DhHI 
Hybridization is shown of DhHI to digests of DNA. in amounts 
equivalent to the DNA content of three flies, of wild-type males 
(lanes a) or females (lanes b) or flies of the stock З^О/І (lanes c), 
with the restriction enzymes as indicated above each panel. The 
ethidium-bromide stained gels are shown in the panels 1, the hybridi­
zation to these blotted gels in the panels 2. The lengths of the frag­
ments still hybridizing after a further 0.1 χ SSC wash are indicated. 
Note the hybridization to 24 kb fragments in the Hind III and Sal I-
Hind III digested DNA of the stock 310/1, also observed in the gels, 
and indicated with an arrow. 
Hybridization with 2 χ 10s cpm/ml. Post-hybridization wash: 6 χ SSC. 
Autoradiography: 3 weeks. 
On the right the positions of Hind Ill-restricted lambda DNA fragments 
as length standards are indicated in kb. 
In Figure IV-7 it is shown, that in a Hind III-Pst I double digest 
of the batch DNA of the stock 340/1 DhHI hybridizes to a fragment with 
a length of 2.9 kb instead of 2.6 kb. This means that a 0.3 kb frag­
ment is possibly deleted from a 2.9 kb Pst I-Hind III fragment during 
the cloning procedure, leading to the 2.6 kb fragment. Therefore the 
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difference in the length of the hybridizing fragment in the Sal I-Hind 
Ill-digests of the DNA of the wild-type flies and the flies of the 
stock З'Ю/! might be explained by the presence of a Sal I site in this 
0.3 kb deleted fragment in the insert of DhHI. 
Table IV-1 
ReetncUon 
Baa HI 
Eco RI 
41nd III 
P»t I 
S.1 I 
Sal I-
Hind III 
Iba I 
Tho I 
Fragaent 
In DhHI 
5.i 
0.6 
2.6 
2.2 
5.4 
2.6 
2.8 
4.5 
0.9 
4.5 
0.9 
5.4 
2.0 
3.4 
length Fragaent leng 
wild-type 
? 
2.3 
2.6 
8.3 
5.7 
4.1 
3.1 
8.21 
2.7 
4.81 
0.9 
9.2 
18.0 
6.3 
th In genoae 
340/1 
? 
2.3 
2.6 
B.3 
5.7 
4.1 
3.1 
4.51 
2.7 
4.51 
0.9 
9.2 
18.0 
6.3 
Table IV-1: In this table the lengths of the fragments in the DNA of 
wild-type males and females and of the stock S'tO/l are summarized, hy­
bridizing with DhHI under stringent conditions after digestion with 
the enzymes as indicated. The order of the fragments is from left to 
right on the map in Figure IV-2. The outer fragments are bordered by 
a Hind III site, which is converted into a Pst I site, due to the 
cloning procedures. 
This site would border the hybridizing fragments in the genomic Sal 
I- and Sal I-Hind Ill-digests. That a sequence of 0.3 kb which is 
deleted in the plasmid DhHI (which is isolated from the 340/1 batch 
DNA) is also present in the wild-type flies follows from the hybridi­
zation of DhHI to the Hind Ill-digests of both the DNA of the wild-
type flies and the 340/1 stock with fragments of the same length, i.e. 
of 5.7 kb length. This would mean that the deleted fragment of 0.3 
kb, although present in the wild-type flies, differs from the insert 
in the 340/1 stock at least in the nucleotide region specifying the 
above mentioned Sal I recognition site. This deletion also means that 
the original length of the insert sequence of 5.7 kb is identical to 
the length of the Hind III fragment in the genomic DNA hybridizing 
with the 2.3 kb Hind III subclone of DhBI (Fig.III-5), These se­
quences are not identical however, as the restriction maps of the 
genomic localizations of DhBI and DhHI show (Fig. III-2C and IV-2B). 
Also the 2.3 kb Hind III subclone of DhB1 does not share any homology 
with DhHI (Fig.IV-4). 
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In digests with the other restriction enzymes, hybridization is to 
identical main fragments extending as far as 16 kb to the left of the 
insert of the plasmid DhHI. This is witnessed by the hybridization 
patterns generated by the enzym Xho I. The hybridizations of DhHI to 
the Bam HX-digested DNAs cannot be analyzed since flanking Bam HI 
sites are too far away from the DhBI sequence. 
B) Unstringent conditions 
Besides the fragments directly homologous with the insert of DhHI 
also other, distantly related fragments are detected in the digests 
shown in Figure IV-5. Hybridization of DhHI to the fragments 
representing the insert and the flanking sequences of DhBI are not 
clearly detected, presumably due to an even lower degree of homology 
between DhBI and DhHI (see discussion). 
Figure IV-6: Hybridization of [32]P-labelled DNA 
of DhHI to 2 ug of batch DNA of the stock 340/1, 
restricted with Hind III. 
ш
 Lane 1: Ethidium-bromide stained gel. 
Lane 2: Hybridization of DhHI to this blotted gel. 
M Note the absence of the 24 kb Hind III fragments in gel and hybridization. с 
.ut Hybridization with 1 χ 10 срш/ml. Post-
hybridization wash: 6 χ SSC. Autoradiography: 1 
week. 
The length of the main hybridizing fragment is in­
dicated. On the right the positions of Hind Ill-
digested lambda DNA fragments as length standards 
are indicated in kb. 
The insert of DhHI must be distantly related to other sequences be­
sides DhB1, since under stringent conditions no hybridization to these 
fragments is obtained. Special attention is drawn to hybridization to 
a large fragment of 24 kb in both the Hind III- and the Sal I-Hind 
Ill-digests of DNA of the stock 340/1. In the corresponding 
ethidium-bromide stained gels a fluorescent band of a corresponding 
length is -visible, only present in the DNA of the 340/1 stock isolated 
by the small scale method. This band probably reflects the enrichment 
of a fraction containing fragments of this length in the DNA of this 
stock. If these fragments are identical to the hybridizing fragments 
in the Hind III- and Sal I-Hind Ill-digests this would mean, that in 
this stock the sequence contained in DhHI is related to a highly am­
plified sequence which is not present in the DNA of the wild-type 
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flies nor In the batch DNA of the 340/1 stock, the source of the 
clones described in this thesis (see Fig.IV-6). Because in the other 
genomic blots no such discrete hybridizing band can be detected, it 
could mean that this amplified sequence has apart from equally spaced 
Hind 111 sites a heterogeneous sequence composition. 
Determination of the copy number of DhHI in the genomic DNA 
In Figure IV-7 lane A hybridization of labelled DNA of DhHI to a 
Pat I-Hind III double digest of batch DNA of the stock З^О/І is shown. 
This batch was the source of DhHI and DhBI. In lanes В to E hybridi­
zation of the labelled DNA of DhHI to increasing amounts of Pst I-Hind 
III double digested DNA of DhHI, equivalent to one, two, five or ten 
copies of this sequence in the haploid genome of the 3^0/1 strain is 
shown. The differences in size seen between the genome Pst I-Hind III 
fragment and the Pst I fragments of DhHI indicate the occurrence of a 
deletion during the cloning of this sequence, as discussed in the 
preceding section. 
Figure IV-7: Copy number determination of DhHI 
Hybridization is shown of [32]P-labelled DNA of DhHI 
to k ug of batch DNA of the stock 340/1, diKested 
with Pst I-Hlnd III (lane A) and to 1.6 χ 10-*, ug 
(lane B), 3.2 χ IO04 ug (lane C), 0.80 χ IO - 5 ug 
(lane D) and 1.6 χ IO"3 ug (lane E) of Pst I-Hind 
Ill-digested DNA of DhHI. These amounts are 
equivalent to 1, 2, 5 and 10 copies of DhHI in the 
haploid genome of DhHI (ref: H). = 
Hybridization with 5 x 10 э opm/ml. Post-
hybridization wash: 0.1 χ SSC. Autoradiography: 3 
w&etcs 
The lengths in kb of the hybridizing fragments are 
indicated on the left. 
A « С D Í 
From this reconstitution experiment according to Lis et al. (1) it 
is inferred, that the insert of DhHI is present in the haploid genome 
of the stock З^ОЛ with one or two copies. 
Ід. situ hybridizatipn 
The location of the insert of DhHI in the genome could not be unam-
bigeously determined by in situ hybridization since hybridization with 
[3]H-GRNA to metaphase- or polytene-chromosomes was not successful. 
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The differences in signal strength between DNA of wild-type males and 
females in blot hybridizations suggested a X chromosomal location of 
this sequence. It should then be located in the X heterochromatin. 
Underreplication of this sequence, as characteristic for some repeti­
tive DNA sequences in heterochromatic chromosome regions, might ex­
plain, why its location could not be detected in polytene chromosomes. 
Sequences present in only one or two copies are hardly detectable in 
metaphase chromosomes. 
DISCUSSION 
In this chapter a DNA sequence has been described which displays a 
weak homology with the DhBI insert, Investigated in the previous 
chapter. The extent of homology is only seen under non-stringent con­
ditions. The region of homology between both clones is restricted to 
a small part of both inserts, which could be identified by cross-
hybridization of the clones. As is shown in Figure IV-4, the insert 
of DhHI is related to the 1.5 kb Pst I fragment of the H.3 kb subclone 
of DhBI. Because this homology is rather weak, it is not clearly re­
flected in the hybridization patterns to the genomic blots, although 
the relationship of DhHI to other sequences can be detected under 
these non-stringent conditions. In the Hind Ill-digested DNAs a weak­
ly hybridizing fragment of 4.3 kb and in the Pst I-digests a fragment 
of 1,5 kb, which might represent DhBI, are detected with DhHI, In the 
other digests, the related DhB1 derived fragments are not discernable 
as they are obscured by a high background hybridization (Ваш HI, Sal 
I) or by the presence of other strongly hybridizing fragments (Eco RI, 
Xho I). 
The sequence contained as an insert in DhHI, is suspected to be lo­
calized as a single copy sequence in the X heterochromatin. If this 
holds true, it should be derived from a region relatively close to the 
kinetochore, as the insert was isolated from the stock 340/1, which 
lacks large parts of the X heterochromatin. 
Differences between the hybridization of DhHI with blots of genomic 
DNA of wild-type or 340/1 flies are detected under non-stringent and 
stringent conditions, as is also discussed for DhBI in chapter 3. 
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Since under stringent conditions these nucleotide differences are 
minor and the insert sequence of DhHI is presumably present as a sin­
gle copy sequence, it is not likely that the insert of DhHI is 
representing the presumed transposable element related to DhBI, dis­
cussed in chapter 3. It is more likely, that it is situated in the 
same genomic environment in the stock З^О/І as in the wild-type flies. 
Nevertheless it carries sequence elements present in more or less 
diverged form in other genomic regions as shown by its hybridization 
patterns to genomic blots and its homology to DhBI, both under non-
stringent conditions. Also under non-stringent hybridization condi­
tions differences are detected with DhHI between the wild-type flies 
and flies of the stock 3Ί0/1. In the DNA, isolated on small scale, of 
the stock 310/1 hybridization to an array of different fragments is 
found, which are in the wild-type flies not at all or to a much lesser 
extent represented. These extra hybridizing fragments are especially 
clear in the Sal I-Hind III-and the Hind Ill-digests. In these digests 
hybridization is observed to fragments with a length of 24 kb in the 
DNA of the stock 340/1 (arrowheads in Fig.IV-5). Because the position 
of these fragments corresponds to a band seen in the ethidium-bromide 
stained gel lanes, it presumably reflects hybridization to a repeated 
sequence only present in the DNA, isolated on small scale, of the 
stock 340/1. As is shown in Figure IV-6, this same band is not seen 
in the gel nor is hybridization to a corresponding fragment length 
detected in the batch DNA of this stock. Since this batch DNA was 
isolated from flies collected at least five years before the collec­
tion of the flies of the same stock used for the isolation of the DNA 
on small scale, it could mean that during this period DNA rearrange­
ments have taken place within this strain. 
It is remarkable that the sequence composition of the batch DNA of 
the stock 340/1, which was the source of the clones, seems to 
represent in some respects a transition between the DNA of the wild-
type flies and the small scale isolated DNA of flies of the stock 
340/1, collected five years later. On one side the batch DNA of the 
stock 340/1 has characteristics of the DNA of the wild-type flies: 
- in the batch DNA of the stock 340/1 the extra hybridizing fragments 
with labelled DhHI, present in the five years later collected 340/1 
flies, are not detected. These fragments are also not present in the 
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wild-type flies. 
- the batch DNA of the stock 3^0/1 contains intervening sequences 
(results presented in Chapter 6, Fig.VI-3) in the ribosomal DNA re­
peats, although this stock should not contain X chromosomal rDNA 
genes, due to the deletion of the X heterochromatin. These interven­
ing sequences are not present in the small scale isolated DNA of the 
flies of this stock, collected five years later. On the other side, 
the differences between the small scale isolated DNAs of the wild-type 
flies and the stock ЗЧ0/1, detected with DhBI, DhH2 and DhHU (dis­
cussed in the next chapter) are also found in the batch DNA of the 
stock 340/1. 
It would be worthwhile to investigate the biological relevance of 
these changes in the restriction patterns. For instance it is imagin­
able that these changes are somehow connected with the stabilization 
of the second Y chromosome in the male and the two Y chromosomes in 
the female (3), or with the loss of heterochromatic parts of the X 
chromosome. 
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C H A P T E R 5 
SUMMARY 
Two sequences with weak homologies to the clones described in the 
preceding chapters have been isolated. These sequences are part of a 
homogeneous family of repetitive sequences, located in a single eu-
chromatic band. This family displays characteristic changes in its 
restriction patterns in a double-Y chromosome bearing strain, if com-
pared to the wild-type strain. The family displays sequence homolo-
gies with other sequences in the genome. The hybridization patterns 
to genomic DNA of one of the cloned sequences correspond to the pat-
tern known from the rDNA repeats. 
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INTRODUCTION 
In this chapter the organization and genomic localization of two 
members of a sequence family with partial homology to the sequences 
described in the preceding chapters will be investigated. 
RESULTS 
Isolation sM. characterization a! DhH2 .and. DhHl 
The recombinant clone DhH2 was constructed and isolated by the 
first method described in Chapter 2, while for the isolation of clone 
DhH4 the second method was used. 
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Figure V-1: 
Panel 1: Fragments present in 0.5 ug of DhH2 (lanes a) and DhHt (lanes 
b) digested with the enzymes as indicated, after electrophoresis on 7Í 
Polyacrylamide and staining with ethidium-bromide. anel 2: Fragments present in Pst I-digests of 0.5 ug of DhH2 (lane a) 
and DhH4 (lane b) after electrophoresis on 7Í Polyacrylamide and 
staining with ethidium-bromide. 
To the right of these panels the positions of Hinf I-digested pBR322 
fragments are indicated with their lengths in base pairs. 
Panel 3: Fragments present in digests of 1 ug of DhH2 (lanes a) and 
DhHt (lanes Б) with the enzymes as indicated, after electrophoresis in 
0,8% agarose and ethidium-bromide staining. The Eco RI-Hind Ill-
digest of DhH2 was not complete. 
The positions of Hind Ill-digested fragments of lambda DNA as length 
standards are indicated in kb. 
Although these two Plasmids were constructed independently, the 
restriction patterns of the Plasmids were completely identical with 
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all the restriction enzymes tested (for examples see Fig.V-1). Even 
six different restriction enzymes with a four nucleotides long recog-
nition site did not show differences in the restriction patterns (for 
examples see Fig.V-1, panel 1). However in hybridizing the labelled 
Plasmids to blots of genomic DNA, differences in the fragment patterns 
become apparent (Fig.V-7,V-8 and V-11), which indicate minor differ-
ences between the nucleotide sequence of DhH2 and DhHt. A restriction 
map of these plasmids was constructed to investigate the internal or-
ganization of these sequences and their relationship to other se-
quences in the genome. 
Restriction maCûiflÊ a£ DhH2 ¿nd PhH4 
Both plasmids were restricted with Hind III giving rise to two 
fragments (see Fig.V-1, panel 3), although the clones were constructed 
from two separate and apparently complete Hind Ill-digests of genomic 
DNA. The digestion with Hind III generates two fragments with a 
length of 6.1 kb long and 2.5 kb. Since the Hind III-Pst I distances 
in pBR322 are 3.6 and 0.7 kb, the insert fragments must be 1.8 and 2.5 
kb. 
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Figure V-2: Restriction maps of DhH2/DhH4 
A: Restriction maps of the plasmids DhH2/DhH4. 
В and C: restriction maps of the genomic localization of DhH2/DhHit in 
wild-type flies (B) or flies of the stock З^О/І (C). Open bar: 
pBR322. Thick bar: insert sequence of DhH2/DhH4. Thin bar: genomic 
DNA, flanking the DhH2/DhH4 insert sequence. Broken line: position of 
fenomic DMA, deleted from the insert sequence of DhH2/DhHi| and posi-ion of the 0,9 kb Pst I fragment, mentioned in the text, in the DNA 
of wild-type flies. Oblique bars represent 15 kb of genomic DNA. 
Eco RI cuts the inserts of both plasmids in fragments of 7.8 and 
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0.8 kb (Figure V-1,panel 3), which indicates анЕсо RI site about 100 
Ьазе pairs away from one of the d(G)-d(C)-tailed ends of the inserts, 
because the Eco RI-Pst I distances in pBR322 are 3.6 kb and 0.7 kb. 
Of the other enzymes used to map the inserts of DhBI (Fig.III-2) and 
DhHI (Fig.IV-2), only the enzymes Xho I and Pst I restrict both 
Plasmids DhH2 and DhHM. Xho I produces fragments of 8.1 and 0.5 kb, 
indicating the existence of two Xho I sites in the inserts. In Xho 
I-Hind III double digests of the Plasmids, the 6.1 kb Hind III frag­
ment is digested into fragments of 5.8 and 0.3 kb. The 2.5 kb Hind 
III fragment is digested into fragments of 2.3 and 0.2 kb. The two 
Xho I sites must therefore be close to the internal Hind III site of 
the insert. The locations of the Pst I fragments were determined as 
follows: Figure V-1, panel 2, shows a Pst I-digest of the Plasmids 
DhH2 and DhHI separated on Polyacrylamide gel. Fragments of 4.3 kb 
are present, which represent pBR322, and insert fragments of 1.7 kb, 
two fragments of about 1.0 kb and two fragments of about 0.3 kb. The 
length differences between the two fragments of approximately 1.0 kb 
and of the two fragments of approximately 0.3 kb are too small to be 
detected on 0.ΘΪ agarose gels (Fig.V-6, lane 2 A). In an Eco RI-Pst I 
double digest the 1.7 kb Pst I fragment is cut into fragments of 1.6 
and 0.1 kb. The 1.7 kb Pst I fragment must hence be on the right side 
of the insert. A Pst I-Xho I double digest removes about 100 base 
pairs from the 1.7 kb Pst I fragment, as judged by electrophoresis on 
a Polyacrylamide gel with Hinf I-digested DNA of pBR322 as length 
standard (2). By the same digest another 100 base pairs are removed 
from the 1.0 kb Pst I fragment. This leaves about 300 base pairs of 
the short Xho I fragment, the length of one of the two 0.3 kb Pst I 
fragments. That one such fragment contains indeed the internal Hind 
III site and that this 0.3 kb Pst I fragment is therefore located 
within the 0.5 kb Xho I fragment was confirmed by the results of a Pst 
I-Hind III double digest. In this digest one 300 base pair Pst I frag­
ment is cut in two fragments of about 100 and 200 base pairs, as 
judged by electrophoresis on Polyacrylamide. The localization of the 
second 300 base pair Pst I fragment was deduced by an indirect argu­
ment: 
In Figure V-3, panel 2, lane d, a partial Pst I-digest of DhH2, hybri­
dized with the 0.3 kb Pst I fragments pooled from an agarose gel, 
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shows hybridization to fragments with a length of 1.3 and 2,0 kb. 
These fragments probably contain the 1.0 and 1.7 kb Pst I fragments 
with the 0.3 kb Pst I fragment still attached. No hybridization is 
seen to a 4.6 kb fragment, indicating that the 4,3 kb pBR322 sequence 
does not have a 0.3 kb Pst I fragment attached to it. This implies 
that, because one 0.3 kb Pst I fragment is localized next to the 1.7 
kb Pst 1 fragment, the other 0.3 kb Pst I fragment is situated between 
the two 1 kb Pst I fragments, 
These results lead to the map as shown in Figure V-2, 
Internal repetitivitv of DhH2 and DhH4 
In Figure V-3 (panel 1, lane c), hybridization of the 1.0 kb Pst I 
fragments of DhH2 to a partial Pst I-digest of this plasmid shows, 
although weakly, also hybridization to the 1.7 kb Pst I fragment. 
This means that presumably some internal repetitivity is present in 
the inserts. Contamination with the other Pst I fragments is unlike­
ly, since no sign of hybridization to for example the 4.3 kb pBR322 
sequence is visible. This internal repetitivity was not further exam­
ined because of the complexity of the Pst I patterns of these 
Plasmids, 
Figure V-3: 
Panel 1 : Hybridization of a partial 
Pst I-digest of 0,5 ug of DhH2 (1 un­
it, 10 min), after electrophoresis 
and blotting (one ethidium-bromide 
stained gel: lane a) with [32]P-
labelled DNA of 
lane b: DhH2, 
lane c: the pooled 1.0 kb Pst I frag­
ments of DhH2, 
lane d: the pooled 0.3 kb Pst I frag­
ments of DhH2, с 
Hybridization with 1 χ 10 cpm/ml. 
Post-hybridization wash: 0.1 χ SSC. 
Autoradiography: 16 hr. 
Panel 2: Hybridization on Hind Ill-
digested genomic DNA of wild-type 
males (lane a), females (lane b) or 
flies of the stock 340/1 (lane c), in 
amounts equivalent to the DNA content 
of three flies, with [32]P-labelled 
DNA of the pooled 1,0 kb Pst I frag­
ments of DhH2, -
Hybridization with 5 χ ÌO cpm/ml, 
Post-hybridization wash: 0,1 χ SSC. 
Autoradiography: 3 weeks, 
On the left of the panels the lengths 
of the hybridizing fragments men­
tioned in the text are indicated, 
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Also the 0.3 kb Pst I fragments hybridize weakly to the 1.7 and 1.0 kb 
Pst I fragments (Fig.V-3, panel l,lane d). The same results were ob-
tained with the plasmid DhH4. 
Relationship Q£_ DhH2 and DhH4 tfi. DhBI and DhHI 
The sequence relationship between DhBI and DhHI and the inserts of 
DhH2 and DhH4 was determined by cross-hybridization of these se-
quences. In Figure V-4 the results with the insert of DhH2 are 
presented. Identical results were obtained with the insert of DhH4. 
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Figure V-4: Homology of DhH2 with DhBI, DhHI and DhH4 
Lanes A represent the ethidium-bromide stained gels after electro-
Ehoresis of: ane 1A: Hind III-Bam HI-digested DNA of DhBI, 
Lane 2A: Pst I-digested DNA of DhH2, 
Lane ЗА: Pst I-digested DNA of the 4.3 kb Hind III subclone of DhBI, 
Lane 4A: Pst I-digested DNA of DhHI. 
In the next panels the hybridizations are shown with [32]P-labelled 
DNA of DhH2 (lanes 1, 3, 4 and 5; lane 5: Pst I-digest of DhH4) and 
with [32]P-labelled DNA of the 4.3 kb Hind III subclone of DhBI (lanes 
2). ς 
Hybridization with 2 χ 10 cpm/ml. The post-hybridization washes are 
indicated. Autoradiography: after each wash 3 hr. 
The lengths of the fragments are indicated on the left in kb. 
It is shown, that DhH2 only hybridizes to the 4.3 kb Hind III frag­
ment of DhBI and predominantly to the 1.5 kb Pst I fragment of this 
4.3 kb fragment (lane 1 and 3). The 4.3 kb subclone of DhBI hybri­
dizes strongly to the 1.7 kb Pst I fragment of DhH2, while one (or 
both) 1.0 kb Pst I fragment is only very weakly labelled (lanes 2). 
No hybridization is seen to the 0.3 kb Pst I fragments. These remain 
however also unlabelled with the homologous DNA under these conditions 
(lanes 5). (Hybridization to 0.3 kb fragments: see Fig.V-2 lane b). 
The clone DhHI hybridizes strongly with the 1.7 kb Pst I fragments of 
DhH2 and DhH4, as is shown in Figure IV-4, lanes 5. The labelled DNA 
of DhH2 hybridizes strongly with the 2.8 kb fragment of a Pst I-digest 
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of DhHI (lane 4 of Flg.V-l). It can also be seen in this figure, that 
with an increased stringency the amount of hybridization is strongly 
decreased. This observation agrees with the data provided in Figure 
IV-4 of Chapter 1 for the homology of DhHI and DhH2/DhH4. Since hy­
brids are no more detectable after the 1 χ SSC washing step, except 
those found in the homologous hybridizations, a high degree of 
mismatching between the cross-hybridizing fragments must be assumed or 
otherwise they share a very small identical sequence element. The 
homologies between the clones DhBI, DhHI and DhH2/DhH4 are summarized 
in Figure V-5. 
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Figure V-5: Restriction maps of DhBI, DhHI and DhH2/DhH4, showing the 
main regions of homology. These regions are connected and the lengths 
of the fragments containing these regions are indicated. 
Obviously the sequence homologies are restricted to a short region 
of each clone and it is possible that these clones share the same re­
peated element. 
Determination fi£. СОРУ xuifflbSC. 
In order to determine the number of copies of DhH2 and DhH4 in the 
genome, the labelled plasmids were hybridized to Pst I-Hind III dou­
ble digests of the batch DNA of the stock 340/1 from which these se­
quences originated and to double digested DNA of the plasmids accord­
ing to Lis et al. (3). A Pst I-Hind III double digest was chosen be­
cause in the cloned sequences the original bordering Hind III sites 
were transformed to Pst I-sites by the tailing procedure. Since the 
inserts contained internal Pst I sites, the genomic DNA had to be res­
tricted also with Pst I. The results of the experiment with DhH4 are 
shown in Figure V-6. The amount of DhHI hybridized in parallel with 
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the genomic DNA represents one, two, five or ten copies of DhH1) in the 
haploid genome. Figure V-6 shows that in the genomic DNA a fragment 
of 2.8 kb is hybridizing with DhH4, while no hybridization to a 1.7 kb 
Pst I-Hind III fragment is detected. In the DhHi( digest, hybridiza-
tion is seen to the 1.7 kb Pst I fragment and not to a 2.8 kb frag-
ment. A weak hybridization signal is visible to the 1.0 kb Pst 
I-(Hind III) fragments. 
Figure V-6: Determination of the copy number of 
DhH4 
Hybridization of [32]P-labelled DNA of DhHH to 4 
uç of batch DNA of the stock 340/1 after Pst I-
Hmd Ill-digestion (lane E) and to an amount of 
DNA of DhH4 representing 1 (lane A), 2 (lane B), 5 
(lane C) or 10 (lane D) copies of DhH4 in the ha-
ploid genome of Drosophila hydei. (Amount ef DNA 
φφ% transferred: from 1.4 χ IO"4 ug to 1.4 χ 1СГ\ ug; 
DNA content of the haploid genome : 2.4 χ 10 base 
pairs, ref: 8).
 6 
Hybridization with 1 χ 10 cpm/ml. Post-
hybridization wash: 0.1 χ SSC. Autoradiography: 2 
weeks. 
On the left the lengths of the hybridizing frag­
ments are indicated in kb. 
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From this pattern it is concluded, that a 2.8 kb Pst I-bordered 
fragment in the genomic DNA has been inserted in DhH4, but that a 
deletion of at least 1.1 kb has occurred, generating a final size of 
the Pst I fragment of 1.7 kb. This size of the deletion is a minimal 
estimation, since the original sequence was defined by Hind III sites. 
From the experiment shown in Figure V-6 the copynumber of DhH4 in the 
haploid genome is estimated to about ten. The same results were ob­
tained with DhH2 in an identical experiment. 
Genomic localization Qt DhH2 .and. DhH4 
Although the data presented in the preceding sections do not indi­
cate differences in the sequences Inserted in DhH2 and DhH4, the hy­
bridization patterns to genomic blots are not identical. Labelled 
DhH2 or DhH4 DNA (Fig.V-7, V-8 and V-9) was hybridized to various dig­
ests of genomic DNA of wild-type males (lanes a) and females (lanes b) 
or of flies of the stock 340/1 (lanes c). 
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Figure V-7: Genomic localization of DhH2/DhH4 
Hybridization of [32]P-labelled DNA of DhH2 (panels 1 and 2) and of 
DnH4 (panels 3) to DNA, in an amount equivalent to the DNA content of 
three flies, of wild-type males (lanes a) or females (lanes b) or 
flies of the stock 340/1 (lanes c), digested with the indicated en­
zymes. The positions of the fragments of the "basic" hybridization 
patterns are indicated with an arrow (see text and table V-1), the po­
sitions of the fragments hybridizing in the "extra-DhH2" patterns are 
indicated according to the system as shown in Figure V-12 and table 
V-2. In the Bam HI- and Sal I-digests these fragments are indicated 
with their lengths. The symbol "o" indicates the presence of frag­
ments in the stock З^О/І discussed in the text. 
Panel 2 shows the same hybridization as in panel 1, but after a 
stringent post-hybridizatjon wash. 
Hybridization with 2 χ КЯ cpm/ml. Post-hybridization wash: 6 χ SSC 
(panels 1 and 3) or 0,1 χ SSC (panels 2). Autoradiography: 1 week 
(panels 1 and 3) or 2 weeks (panels 2). 
The positions of Hind Ill-restricted lambda DNA fragments as length 
standards are Indicated in kb. 
BamHi CcortJ 
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When DhH4 is used as a hybridization probe, "basic" patterns of hy­
bridization are seen, which are also present in the hybridization pat­
terns of DhH2. There exist furthermore considerable differences in 
these patterns between DNA blots of wild-type flies and those from the 
stock 340/1. If labelled DhH2 is hybridized to blots of genomic DNA 
digests, additional restriction fragments become apparent which are 
not obtained with labelled DhH1*. These patterns of hybridization are 
designated as the "extra-DhH2n patterns. These findings imply a nu­
cleotide difference between the inserts of DhH2 and DhH4. The possi­
bility of contamination of DhH2 with another recombinant plasmid could 
be excluded by hybridizing a partial Pst I-digest of DhH2 with its la­
belled DNA (Fig.V-3, panel 1, lane b). No differences were detected 
between this patterns and a parallel one of DhH4 hybridized with DhH2. 
Also the "extra-DhH2" patterns are disproportionally decreased in sig­
nal strength if compared with the "basic" patterns after rewashing the 
hybridized filters with 0.1 χ SSC at 70oC (Fig.V-7 and V-9). This in­
dicates the existence of mismatched hybridization or is the effect of 
decrease in hybrid stability due to a very short homologous region. 
Both causes argue against a possible contamination of the DhH2 
preparation. The first part of this section will be restricted to an 
evaluation of the "basic" patterns (indicated in the Figures V-7, V-8 
and V-9 with arrows). In the seoorrd part the differences between the 
hybridization patterns of DhH2 and DhH1! will be discussed. 
A) Basic patterns 
The lengths of the fragments hybridizing in the "basic" patterns 
are summarized in Table V-1. To situate the two Hind III fragments of 
DhH4 relative to each other in the genomic digests, the two labelled 
1.0 kb Pst I fragments, located in the left 2.5 kb Hind III-Pst I 
fragment, were hybridized to a Hind III digest of DNA of wild-type 
flies (males: lane a, females: lane b, of Fig. V-3, panel 2) and flies 
of the stock 340/1 (lane с of Fig. V-3, panel 2). (As is noted be­
fore, the two outer Hind III sites of the insert are converted into 
Pst I sites because of the cloning procedure). These fragments hybri­
dize in the wild-type flies to a fragment of 2.4 kb and in the DNA of 
the stock 340/1 to a fragment of 2.5 kb. These 2.4 and 2.5 kb Hind 
III fragments represent therefore the left Hind III bordered side of 
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the insert of DhH1» (and DhH2) in the genomic DNAs, 
ttêta· 
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Genomic 
of DhH2 
lo-
and 
Hybridization 
Hybridization 
Figure V-8: 
calization 
DhH4 
Hybridization to genomic 
blots as indicated in 
Figure V-7. 
Panel 1 : 
with ОЬНЗ, 
Panel 2: 
with DhHt. 
Hybridization with 1 χ 
IO6 cpm/ml. Post-
hybridization wash: 6 χ 
SSC. Autoradiography: 3 
weeks, 
The positions of Hind 
Ill-restricted lambda DNA 
fragments as length stan­
dards are indicated in 
kb. 
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Figure V-9: Genomic localization of DhH2 
Hybridization to genomic blots as indicated in Figure V-7. Hybridiza-
tion with DhH2 after a 6 χ SSC (panels 1) and a 0.1 χ SSC (panels 2) 
§ost-hybridization wash. . 
ybridization with 2 χ 10 cpm/ml. Autoradiography: 2 weeks (panels 
1A), 1 week (panels 1 and IB), or 3 weeks (panels 2). 
The positions of Hind Ill-restricted lambda DNA fragments as length 
standards are indicated in kb. 
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Reetrictlon 
епгушв 
Bao HI 
Eco RI 
Eco RI-
Hlnd I H 
Hlnd III 
3«1 I 
S.1 I 
Hlnd III 
Iba I 
It» I 
Hind III 
Xho I 
Iho I-
Hlnd III 
lb« I-
Iho I 
P»t I 
РвЬ I 
Kind III 
Fragment length 
In DhHi/Dhhi 
0 
0 
1 
3 
2 
1 
5 
7 
1 
5 
β 
3 
5 
8 
Э 
5 
e 
2 
5 
6 
2 
3 
2 
6 
2 
5 
6 
0 
3 
0 
3 
7 
О 
3 
0 
1 
2 
7 
h refilent ] 
wild type 
24 
4 
2 
1 
2 
6 
12 
2 
6 
5 
2 
2 
6 
0 
2 
2 
0 
0 
2 
2 
0 
2 
2 
0 
0 
0 
2 
1 
0 
0 
Ü 
0 
2 
0 
H 
7 
41 
41 
6 
0 
4! 
6 
51 
41 
7 
11 
5 
7 
11 
3 
2 
7 
41 
5 
5 
21 
3 
91 
3 
β 
0 
3 
91 
1 
2 
β 
Length in genome 
340/1 
24 
4 
2 
1 
2 
3 
12 
2 
3 
5 
2 
2 
24 
0 
2 
2 
0 
0 
2 
2 
0 
2 
2 
0 
1 
0 
2 
1 
0 
1 
0 
0 
2 
0 
2 
01 
Table V-1: In this table the 
lengths of the fragments in 
the DNA of wild-type flies 
and flies of the stock 
340/1, hybridizing in the 
"basic" patterns (indicated 
in Fig.V-7, V-8 and V-9 with 
an arrow), are shown accord­
ing to the restriction en­
zymes used. The order of 
the fragments is from left 
to right on the restriction 
map (Fig.V-2). The outer 
fragments are bounded on one 
side with a Hind III (Pst I) 
site. 
The 1.Θ kb Hind III-(Pst I) fragment of DhH2/DhH4 must therefore 
hybridize to the 6.0 and the 3.2 kb fragments respectively, detected 
in the Hind Ill-digests of the wild-type flies and flies of the stock 
340/1. The localization of the other fragments of the "basic" pat­
terns originating from the digests with the different enzymes could be 
derived from double digests of these enzymes together with Hind III 
and from the relative strength of the hybridization to the various 
fragments in one lane after comparison with the lengths of the hybri­
dizing fragments in the insert. These data, summarized in Table V-1, 
lead to the genomic map of the "basic" patterns shown in Figure V-2. 
The location of the Bam HI and Sal I restriction sites are not indi­
cated in this map, since these sites are situated outside the insert 
region of DhH2 and DhH4. 
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Strain differences in the "basic" patterns 
When the genomic map of the "basic" patterns of the inserts of DhH2 
and DhH4 of wild-type flies is compared with that of the stock З^О/І, 
some differences are apparent. It seems, that the nucleotide environ­
ment to the left side of the internal Hind III site in the inserts is 
different. These differences are most clearly illustrated by the hy­
bridization to Pst I-digests. The Pst I sites were determined by com­
paring the hybridization patterns of the Pst I-digests with the Pst 
I-Hind III double digests. In the Pst I-digests, hybridization is 
seen to fragments of 2.8, 2.2 and 0.9 kb in the wild-type animals and 
of 2.8, 2.4 and 1.0 kb in the stock 340/1 (Table V-1). Under the hy­
bridization conditions used, the small 0.3 kb Pst I fragments were not 
seen. In the Pst I-Hind III double digested DMAs the 2.8 kb Pst I 
fragments were not restricted by Hind III. They must hence be on the 
right side of the insert. The 2.2 kb Pst I fragment in the wild-type 
animals is reduced to 1.0 kb in this double digest by Hind III 
(Fig.V-9). The 2.4 kb Pst I fragment is reduced to 1.3 kb in this 
double digest of the DNA of the stock 340/1 by Hind III. This 1.3 kb 
fragment is however not present in a Pst I-Hind III double digest of 
the batch DNA of the stock 340/1 (Fig.V-6). This 1.3 kb fragment most 
probably represents one of the 1.0 kb Pst I fragments with the small 
internal 0.3 kb Pst I fragment attached to it, as deduced from the 
mapping data. This would be indicative for a minor nucleotide differ­
ence, leading to the loss of an internal Pst I site, between the two 
DNAs of the same stock, isolated in a time interval of approximately 5 
years. In the Chapters 4 and 6 also other possible differences 
between these two DNA samples of the stock 340/1 are discussed. 
The results presented in Figure V-3 lead to the conclusion, that 
the 1.0 kb Pst I-Hind III fragments in the wild-type animals and the 
1.3 kb Pst I-Hind III fragment in the stock 340/1 are located on the 
left end of the insert in the genome. These results indicate that in 
the wild-type flies the left Pst I fragment is 2.4-2.2 = 0.2 kb short­
er than in the stock 340/1. As can be observed in the Pst I- and the 
Pstl-Hind Ill-digests, the 0.9 kb Pst I fragment of the wild-type 
flies is not cleaved by Hind III, nor is the 1.0 kb Pst I fragment in 
the stock 340/1. Consequently, both fragments must be within the in-
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sert. This 0.1 kb length difference in the left part of the insert 
between wild-type flies and flies of the stock 340/1 is detected with 
all restriction enzymes used to map the the genomic localization of 
the insert. This size diference of 0.1 kb must thus be a property of 
all of the copies present in the genome. It might have been created 
by an insertion of a fragment of this length into the 0.9 kb fragment 
in the stock 3^0/1. Alternatively, it could also have originated from 
a short duplication inside the 0.9 kb Pst I fragment. 
Differences in the nucleotide sequence in the DNA flanking the in­
serts of DhH2 and DhHl on the left side were observed between wild-
type and З^О/І flies in the digests with Pst I. Also in the digests 
with Xho I a 6.1 kb fragment is found to the left of the insert se­
quence in the genome of the wild-type flies, while in the strain 340/1 
a fragment of 24 kb is seen (Table V-1). However no differences in 
the flanking sequences are observed within each strain, i.e the 6.1 
and 24 kb Xho I fragments must be part of a homogeneous repeat. 
Nucleotide differences occur also at the right side of the insert. 
It was shown above that in this region of the insert a deletion has 
occurred (Fig.V-6). The first Hind III site in the genome outside the 
cloned sequence is located at a distance of 6.0 kb in wild-type flies, 
but of 3.2 kb in 340/1 flies (Fig.V-7). Since the clones were isolat­
ed from the stock 340/1, during the cloning procedure most likely a 
Hind III bordered fragment of 1.4 kb (3.2-1.θ kb) was deleted from 
this sequence. From the hybridization patterns of Eco RI- and Eco 
RI-Hind Ill-digested DNA (Figure V-7 and V-9), it is apparent that 
this deletion must have occurred between the Eco RI site and the right 
bordering Pst I (originally Hind III) site of the inserted sequence. 
In the Eco RI-Hind III double digests a fragment of 1.7 kb is hybri­
dizing. This corresponds to the length of the Hind Ili-Eco RI frag­
ment in the inserts of DhH2 and DhH4. Also the left 2.4 kb Hind III 
fragments in the wild-type flies and the 2,5 kb Hind III fragment in 
the stock 340/1 are present. Therefore this deletion left a small 
fragment of about 100 base pairs in both Plasmids, which do not have 
to be identical in nucleotide sequence. 
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The data summarized in Table V-1 and the maps shown in Figure V-2 
indicate, that the sequences flanking the insert of DhH2 and DhH4 are 
homogeneous both in wild-type flies and in flies of the stock З^О/І. 
This means, that the inserts are part of a repeat with a length of at 
least 13 kb in the wild-type flies and with a length of at least 28 kb 
in the flies of the stock З^О/І. It must be pointed out here that the 
differences between the strains mentioned above were also repeatedly 
found in the DNA isolated from single flies. This excludes possible 
polymorphisms. The "basic" patterns detected in the DNA isolated on 
small scale of the stock ЗЧО/І , were also found in the batch DNA of 
this stock. 
In situ hybridization of DhH2 and DhH4 
[3]H-labelled 
chromosomes of 
and of the stock 
type males. 
cRNA of DhH2 and DhH4 was hybridized to polytene 
salivary glands of larvae of wild-type males, females 
340/1. Figure V-10 shows the results with the wild-
Figure V-10: In situ hybridization 
of [3]H-labelled cRNA of DhH2 to 
polytene chromosomes of a wild-type 
male. Labelling to a euchromatic 
band (3: 50CD) and to the nucleolus 
organizer is indicated with an ar­
row. с 
Hybridization with 2 χ 10 cpm. 
Post-hybridization wash: 2 χ SSC. 
Autoradiography: 6 weeks. 
DhH2 hybridized to a band (3: 50 CD [8]) in the third chromosome, 
which can sofar not be correlated to any known genetic locus. More 
interestingly, this cRNA also hybridized to the nucleolus organizer, 
suggesting some homology with parts of the ribosomal DNA repeats. 
cRNA of DhHt showed the same labelling, except that the nucleolus 
remained unlabelled. Otherwise no differences between wild-type and 
340/1 larvae were detected. 
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В) Differences between DhH2 and DhH4. 
Before discussing the results of the differences in the hybridiza­
tion patterns of DhH2 and DhH4, first the existence of these differ­
ences will be illustrated. In Figure V-11, the hybridization of la­
belled DNA of DhH2 and DhH4 to an Eco Ri-digest of genomic DNA of 
wild-type flies is shown (panel 1 and 2; males: lanes a, females lanes 
b). The amount of DNA digested represents the amount isolated from 
six flies. The amount of radioactivity used was four times (8 χ 10 
срш/ml) the amount used in the standard experiments (2 χ 10 cpm/ml). 
Both plasmids hybridize mainly to a fragment of 4.1 kb (of the "basic" 
pattern: Fig.V-Y). Besides, the hybridization patterns with DhH2 re­
veals fragments not hybridizing with DhH4. Also DhH4 hybridizes to 
fragments not found in the hybridization patterns with DhH2 (these are 
indicated with arrows in Fig.V-11). This indicates that the insert of 
DhH4 is not completely identical in its sequence to DhH2. It also in­
dicates that like DhH2, also DhH4 is related to a distinct set of se­
quences, which are not detected with DhH2. 
Figure V-11: Genomic localization of DhH2 
_ and DhH4 
Hybridization of DhH2 (panel 1) and DhH4 
, (panel 2) to Eco RI-digested DNA, in an 
amount equivalent to the DNA content of six 
flies, or wild-type males (lanes a), or fe­
males (lanes b). In panel 2 those hybridiz­
ing fragments are indicated with an arrow, 
which are not detectably hybridizing with 
DhH2 (panel 1).
 6 
Hybridization with 8 χ 10 cpm/ml. Post-
hybridization wash: 6 χ SSC. Autoradiogra-
§ny: 3 weeks. 
η the left the positions of Hind Ill-
restricted lambda DNA fragments as length 
standards are indicated in kb. 
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Homology £І DhH2 io. ihs. гІЬозошаІ D M repeats 
In difference to DhH4, the labelled DNA of DhH2 hybridizes to a 
easily detectable set of genomic restriction fragments not included in 
the basic patterns (Fig.V-7, V-8 and V-9). These nexbra-OhB2n pat­
terns consist of fragments with a length of 17 kb in the Bam HI- and 
Sal I-digests in the DNA of the wild-type flies. In other digests the 
"extra-DhHa" patterns include an array of fragments of various lengths 
and differing intensity of hybridization. 
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Table V-2: The lengths of the fragments hybridizing in the "extra 
-Dhfté" patterns are summarized after restriction of the genomic DNA 
with the indicated enzymes. The rows either indicate the numbers of 
the fragments, or the fragments are ordered under "s" (for NTS). These 
are indicated in Figures V-7, V-8, V-9 and V-12. The fragments in-
cluded in the subdivision "malen. are present only in the DNA of 
wild-type males or of flies of the stock 340/1 (representing specific 
spacer lengths). The fragments assigned to the subdivision "female" 
represent fragments hybridizing with a signal stronger in the DNA of 
wild-type females than in the DNA of wild-type males and not found in 
the stock 3^0/1. 
*: The length of this fragment was deduced from the Hind III and Eco 
RI-Hind III patterns, as its presence in Eco RI-digests is obscured by 
a fragment hybridizing in the "basic"pattern 
The lengths of the hybridizing fragmenta of 17 kb in the Sal I- and 
the Bam Η-digests in the wild-type animals suggest a correlation with 
the ribosomal DNA. Such a correlation had also been implied by the in 
situ hybridization of DhH2 to the nucleolus of polytene chromosomes. 
17 kb is the typical length in Sal I- and Bam HI-digests of the rDNA 
repeats which contain an intervening sequence (IVS) in the 28 S gene. 
The rDNA repeats are known to be distributed between three locations 
in the genome of Drosophlla hydei (4): a terminal location in the X 
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heterochromatin and locations at both the ends of the Ï chromsome. 
About half of the ribosomal genes of the X chromosome contain an in-
tervening sequence of 6 kb in the middle of the 28S gene (6). This 
IVS contains a single Bam HI and Sal I site (Fig.V-12), while restric-
tion sites for these enzymes are not present in the ribosomal DNA re-
peats without an IVS, which have a length of 11 kb. It has also been 
shown that the Y chromosomal ribosomal DNA genes do not contain an 
IVS. The possibility of a homology between DhH2 and the ribosomal DNA 
is further supported by the intensity differences in hybridization 
between the wild-type males and females. Since an IVS in D.hydei is 
only found in the X chromosomal nucleolus organizer, such an intensity 
difference would be expected. Moreover, in DNA samples of the stock 
3^0/1, isolated on small scale, no corresponding hybridization apart 
from the "basic" patterns is seen in Sal I- and Bam HI-digests. In 
this strain no IVS is present, which contains the only Bam HI and Sal 
I site of the ribosomal repeat. The restriction fragments obtained 
with these enzymes would be too long to be separated in the agarose 
gel. 
The correlation between the "ехіга-ВЬНг11 patterns of hybridization 
and the known patterns of hybridization to ribosomal DNA sequences be­
comes definitely evident if the restriction map of the ribosomal DNA 
repeats of Drosophila hydei (6) is compared with the fragment lengths 
in the "extra-DhHa" patterns (Fig.V-12). In this figure the fragment 
lengths in the nextra-DhH2" patterns are indicated in relation with 
the respective fragments of the ribosomal DNA repeat. The numbers or 
letters "s" (for spacer) of these fragments correspond to those of the 
fragments found hybridizing in Figure V-7, V-B and V-9. The fragment 
lengths are summarized in Table V-2. The data of the hybridization 
patterns to Xho I-digested DNAs are not included as the locations of 
the Xho I sites in the ribosomal DNA repeats are not known. 
At least two regions of homology between DhH2 and the ribosomal DNA 
repeat are detected which are indicated in Figure V-12 with black 
bars: 
- a region around the Pst I site in the internal transcribed spacer 
(ITS) and 
- a region in the NTS close to the S'-end of the 28S beta region, 
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around the Eco RI site in the NTS. The evidence for the existence of 
only one Eco RI site in the NTS (in contrast to the published mapping 
data [6]) will be presented in the discussion. The results of Kunz et 
al. (5) on the mapping of the ribosomal DNA genes of D.hydei showed no 
difference in length between the NTS patterns of male (i.e. Y chromo-
somal) or female (i.e. X chromosomal) specific rDNA repeats except for 
the presence of IVS sequences in the X chromosomal rDNA genes. Yet 
differences in the length of spacer sequences (independent of the IVS) 
are detected between the digests of the DNA of wild-type male and 
wild-type female, when hybridized with DhH2 (Fig.V-7, Table V-2). Ac-
cording to the published restriction map, these fragments must be 
derived from the NTS region. The present data can only be reconciled 
with the results of Kunz et al.(5), if one assumes that only a frac-
tion of the non-transcribed ribosomal DNA spacers contains a DhH2 
homologous element. 
Figure V-12: Regions of homology between the nextra-DhH2n patterns of 
hybridization and the restriction map of the rDNA repeat according to 
Renkawitz et al.(ref: 6). The lengths of the fragments with and 
without an IVS are shown. The fragments are indicated with the 
numbers or the letter "s" (for NTS). These fragments are indicated in 
the same way in Figure V-7, V-8, V-9 and in Table V-2. The minimal 
regions of homology between the "extra-DhHS" patterns and the rDNA re-
peats, as discussed in the text, are indicated by black bars. 
Homology of DhH2 to other sequences in the genome 
Clearly detectable exceptions to the correlation between the 
nextra-DhH2n patterns and the rDNA repeats are some hybridizing frag-
ments present in the DNA, isolated on small scale, of the stock 340/1. 
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These fragments are visible in the Eco RI- (11 kb) and the Xba I-
digests (approximately 20 kb). These fragments are indicated in Fig-
ure V-7 and - with the symbol "o". Their lengths suggest that they 
could represent rDNA repeats lacking one Eco RI or two Xba I sites 
(these sites would not have to been situated in the coding regions). 
The lengths of these fragments in the other digests can however not be 
established, but in the double digested DNA hybridizing fragments can 
be discerned with a length not fitting in the rDNA repeat (Fig.V-12), 
These fragments may either be homologous to the regions in the rDNA 
repeats mentioned above as being homologous to the ,,extra-DhH2n pat-
terns or they might be homologous to a different region in DhH2, also 
not present in DhHU. 
In the correlation between the "extra-DhÈté" patterns and the rDNA 
repeat hybridizations a special problem is posed by the hybridization 
to a 1.0 kb Hind III fragment in the DNA of the wild-type flies and 
flies of the stock 3^0/1 (indicated with a black dot in Fig.V-7 and 
V-9). The simplest explanation for the hybridization to this fragment 
is to assume that this fragment represents the 1.0 kb Hind III frag-
ment within the 28S beta gen. This assumption would extend the 
presumed region of homology between the rDNA repeat and the "extra-
DhH2" patterns of hybridization to this transcribed region. Two ob-
servations make this assumption however rather unlikely. As is shown 
in Figure V-13, hybridization to this 1.0 kb Hind III fragment is only 
visible in 3 (although absence in lane 6 is not absolutely clear, due 
to a background spot in that region) of 7 X;¥ translocation stocks 
covering different regions of the Y chromosome (1). All these 
translocation stocks contain one of the two Y chromosomal rDNA repeat 
clusters. Therefore all these translocation stocks should show hy-
bridization to this 1.0 kb Hind III fragment. The absence of this 
fragment in Hind Ill-digests of 4 X;Y translocation stocks indicates 
that this fragment can not be derived from the autosomes. Its pres-
ence in wild-type female DNA suggests that it is located on the wild-
type X chromosome. The present data also do not exclude that it is 
located on the Y chromosome. Lack of homology of DhH2 to the tran-
scribed regions of the rDNA repeats is substantiated by the absence of 
detectable hybridization of DhH2 to blots of total cellular RNA (not 
shown). Therefore, besides the two regions of homology with DhH2 in 
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the rDNA repeat, a third homology of DhH2 Is postulated to a 1.0 kb 
Hind III repeat not situated in the rDNA repeat and present in 3 out 
of 7 X;ï translocation strains and in the X chromosome of wild-type 
flies. 
Figure V-13: Hybridization of DhH2 to X;Y 
translocation stocks 
Hybridization of [32]P-labelled DNA of 
DhH2 to DNA. isolated from three flies, of 
strains containing the indicated geneti-
cally defined regions of the Y chromosome: 
Lane 1: T(X;Y) 7 with A, No 
20 with B, A, No 
37 with С , B, A, No 
41 with N, С, B, A, No 
5: T(X;Y) 48 with N, 0, P, Q, No 
6: T(X;Y) 52 with 0, P, Q, No 
7: T(X;Y) 58 with Q, No 
for description or these strains 
1, No stands for nucleolus organiz-
Hybridization with 2 χ 10 cpm/ml. Post-
hybridization wash: 6 χ SSC. 
Autoradiography: 3 weeks. 
The lengths of the hybridizing fragments 
are indicated on the right of the panel. 
The positions of Hind Ill-digested DNA 
fragments as length standards are indicat­
ed in kb. 
Lane 2 
Lane 
Lane 
Lane 
Lane 
Lane 
see 
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Another fragment, showing homology with DhH2 in the "extra-DhH211 
patterns is a 4.4 kb Hind III fragment. As will be shown below this 
fragment is masked in the single and double digests of genomic DNA by 
fragments derived from the rDNA repeats. 
Homology between ITS and NTS 
Our data indicate that DhH2 contains a region of homology to both 
the ITS and the NTS of rDNA repeats. Furthermore, since chromosomal 
specific spacers are detected with DhH2 as a probe which were not 
detected in previous experiments, it seems likely that only a subset 
of the NTS regions containsthe DhH2 homologous element. This must 
also be concluded, because, if the DhH2 homologous element in the ITS 
region is the same as the one in the NTS region, the male specific 
spacers would have been detected in the experiments of Kunz et al. 
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(6). Therefore, either the two regions (i.e. NTS and ITS) have homo-
logies with different fragments of DhH2 or the ITS regions detected 
with DhH2 form only a subset of the rDNA repeats and differ in se-
quence from the ITS region present in the rDNA repeats cloned so far. 
In a first attempt to resolve this question it was decided to purify 
part of the rDNA repeat containing the ITS region from genome DNA. 
Therefore a Hind Ill-digest of 150 ug of batch DNA of the stock 340/1 
was separated on gel. From this gel a fraction containing 4.4 kb long 
sequences was isolated (= fragment 1 in the Hind Ill-digest, Fig.V-7 
and V-12). These sequences represent the major fragment of the rDNA 
(without IVS) and are therefore detectable as a fluorescent band in 
the agarose gel. A possible correlation between the presence of this 
band and the presence of the ribosomal DNA sequences in this region, 
which contain part of the 18S and the 28 S genes without an IVS, is 
visualized in Figure IV-5 (Chapter 4). This band is less intensily 
stained in the DNA of the wild-type females than in the DNA of the 
wild-type males or of flies of the stock 340/1. This agrees with the 
relative proportion of ribosomal DNA repeats containing an IVS. 
These represent half of the ribosomal DNA repeats in the wild-type fe-
males and correspondingly they include only 25% of the rDNA repeats in 
males or none in small scale isolated DNA of the strain 340/1. This 
same correlation can also be observed with the 8.0 kb Hind Ill-
restricted band and the 6.0 kb Eco RI-restricted band (see also 
Fig.V-7, V-12 and Fig.IV-5). 
A prerequisite for the use of this Hind III fragment as a probe to 
determine whether the DhH2 homologous sequences in the ITS and the NTS 
are the same is that this fragment contains only the rDNA repeats and 
no other fragments homologous to DhH2. To test this latter possibili-
ty the isolated 4.4 kb Hind III fraction was further digested with Eco 
RI and hybridized with DhH2. 
As is shown in Figure V-14 lane a, two hybridizing bands, one of 
4.4 kb and one of 3.9 kb are seen. If the only fragments homologous 
to DhH2 in the 4.4 kb Hind III fraction had been derived from the rDNA 
repeats, then hybridization with DhH2 after digestion with Eco RI 
should only be seen to 3.9 kb long fragments. 
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Figure V-14: Hybridization of [32]P-labelled DNA of DhH2 
to an Eco RI digest of the 4.4 kb Hind ΙΙΙ-dlgested frac­
tion (lane a) and to a Hind III digest of the 6.0 kb Eco 
RI fraction (lane b) of batch DNA of the stock 340/1. 
The lengths of the hybridizing fragments are indicated. 
Hybridization with 2 χ 10° cpm/ml. Post-hybridization 
wash: 6 χ SSC. Autoradiography: 3 weeks. 
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However in this hybridization two bands are seen, the expected 3.9 kb 
Eco RI-Hind III fragment of the ribosomal DNA repeats and a 4.4 kb 
fragment, presumably Hind Ill-Hind III, which cannot be correlated 
with the ribosomal DNA repeat restriction map. Obviously, this frag­
ment cannot be the 4.4 kb Eco RI-Hind III spacer fragment detected in 
total Eco RI-Hind Ill-digested chromosomal DNA, as this fragment is 
derived from the 5.5 kb Hind III- and the 5.0 kb Eco RI- spacer seg­
ments (Fig.V-12, Table V-2). The 4,4 kb Hind III fragments isolated 
from the total genomic DNA thus contains two different fragments with 
homology to DhH2, only one of which (the 3.9 kb fragment) is correlat­
ed in length with the ribosomal DNA repeat. Note that in the Eco RI-
digest of the 4.4 kb Hind III fraction no hybridization with DhH2 to 
fragments of 1.1 or 1.0 kb is detected. This indicates that the 4.4 
kb Hind III fraction is not contaminated with spacer sequences (lack 
of 1.1 kb Eoo RI-Hind III fragments) and that the 4.4 kb Hind III 
fraction also does not contain the 1.0 kb Hind III fragments hybridiz­
ing with the DNA of some of the X¡Y translocation stocks and the DNA 
of the wild-type females and of the stock 340/1. 
DhH2 was also hybridized to a Hind Ill-digest of an Eco RI-
restrlcted fraction of 6.0 kb of the batch DNA of the stock 340/1. 
This 6,0 kb Eco RI fraction was isolated in the same way as the 4.4 kb 
Hind III fraction. The results of this hybridization is shown in Fig-
•I-
v-•••••• чяящ 
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ure -1Ч lane b. In this figure DhH2 shows apart from hybridization 
to fragments of 4.4 kb and 3.9 kb, also hybridization to fragments 
with lengths of 2.5, 1.7, 1.1 and 1.0 kb. The 3.9 kb fragments 
presumably represents the ribosomal DNA repeats containing the 18 and 
26 S ribosomal genes. The presence of 4.4 kb fragments hybridizing 
with DhH2 could mean that these fragments are identical to those found 
in the 4.4 kb Hind III fraction (lane a), but this correlation is not 
sure, because it is not known if these sequences are bordered by Hind 
Ill-Hind III sites or Eco RI-Hind III sites. The 1.1 kb fragments are 
presumably representing the Eco RI-Hind III bordered sequences on the 
З'-end of the 28S beta gene in the NTS. The 1.0 kb fragments could 
represent the 1.0 kb Hind III fragments only detected in 3 of the 7 
X;Y translocation stocks and not present in the 4.4 kb Hind III frac­
tion. 
The presence of the 2.5 and 1.7 kb sequences in the 6.0 kb EcoR 1 
fraction will be discussed in Chapter 6. 
The experiments shown in Figure V-14 indicate that a possible 
homology between the ITS and NTS of the ribosomal DNA repeats cannot 
simply be investigated by purifying a genomic fraction. It is shown 
however by these experiments that other fragments resistant to Eco RI 
cleavage are present in this 4.4 kb Hind III fraction of the batch DNA 
of the stock 340/1, which are homologous to DhH2, besides the se­
quences derived from the ribosomal DNA repeats. The presence of 4.4 kb 
long fragments in the 6.0 kb Eco RI fraction of the batch DNA of the 
stock 340/1 points to the possibility, that in this fraction sequences 
are present, which contain these 4.4 kb Hind Ill-Hind III fragments. 
It is also possible, that these sequences in the 6,0 kb Eco RI frac­
tion also show the presumed homology to the 1.0 kb Hind III fragments 
present in some of the X;Y translocation stocks and the wild-type fe­
males. To investigate the genomic locationsof this 4.4 kb fraction, 
in situ hybridization experiments were carried out. 
ІП. alili hybridization with the. 4.4 J& M M III fraction 
The 4.4 kb Hind III fraction, labelled with [3]H-dATP and [3]H-
dCTP, hybridized strongly all along the Y chromosome in metaphase 
preparations of neuroblasts of larvae of the stock 3*10/1 (Fig.V-15). 
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Figure V-15: In situ hybridization of [3]H-
labelled DNA of DhH2 to metaphase chromosomes 
of a male of the stock 3^0/1. 
Hybridization to the Y-chromosomes is indi­
cated by arrows. ς 
Hybridization with 2 χ ICr cpm. Post-
hybridization wash: 2 χ SSC. Autoradiogra­
phy: 6 weeks. 
No clear labelling to any other region could be discerned. Apart 
from hybridization to the nucleolus organizer, no distinct labelling 
of any euchromatic region could be detected in polytene chromosome 
preparations. Since the 4.4 kb Hind III fraction was isolated from 
total genomic DNA and therefore may contain many different sequences, 
the hybridization to the Ϊ chromosome shown by this fraction is not 
necessarily due to sequences related to DhH2. 
DISCUSSION 
The inserts of the clones DhH2 and DhHM are representatives of a 
small family of repeated sequences different from the family described 
in Chapter 3. These repeats have a length of at least 13 kb in the 
wild-type flies and of 28 kb in the stock 340/1. No differences in 
lengths or restriction patterns between both inserts could be detect­
ed, although some sequence heterogeneity must exist. This is implied 
by their hybridization behaviour on DNA blots and by in situ hybridi­
zation experiments. Therefore the sequence family represented by DhH2 
and DhHU appears to be very homogeneous, because also no differences 
in the flanking sequences could be detected. Like the clones DhBI and 
DhHI, the DhH2/DhH'4 family of repeated sequences displays some low de­
gree of homology with other sequences in the genome. The homology 
with the clones DhBI and DhHI is a typical example of such low cross-
homology. Although it has not been experimentally proven, the regions 
of homology between these clones might be the same. These regions are 
indicated in Figure V-5. 
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For the clone DhH2 a relationship to another family of repeated se­
quences could be demonstrated. A segment of this clone cross-reacts 
with regions within the ribosomal DNA repeats. This cross-reaction is 
most likely restricted to spacer regions. Also other recent reports 
of small homologies between regions of rDNA repeats and sequences out­
side the rDNA repeats have been presented (9). 
Several features of the family represented by DhH2 and DhH4 are 
discussed below. 
Localization of DhH2 ani DhHU 
The in situ hybridization experiments shown in Figure V-10 indi­
cate, that the family represented by the Plasmids DhH2 and DhHM is lo­
cated in one euchromatic band in the third chromosome. This family is 
present in about ten copies in the haploid genome (Fig.V-6). As was 
also pointed out in the case of DhBI in Chapter 3i this copy number 
raises the problem, how these copies present in one euchromatic band 
are kept alike and how all the copies could be changed simultaneously 
in their nucleotide composition, as witnessed by the differences in 
the "basic" hybridization patterns to genomic blots of the wild-type 
flies and flies of the stock 340/1 (Fig.V-7, V-θ, and V-9). The 
differences in the genomic restriction maps of DhH2/DhH4 between 
wild-type and 340/1 DNA shown in Figure V-3, are the result of at 
least three sequence alterations. Also an insertion event has to be 
postulated to account for the differences detected. Translocation 
stocks with the same genetic background as the 340/1 stock show the 
same differences in the "basic" patterns as does the stock 340/1 when 
compared to wild-type fly DNA (Fig.V-13, lanes 2 and 5; ref.1). 
These sequence differences, together with those observed with DhBI 
(at least 2 nucleotide substitutions) and DhHI (at least 1 nucleotide 
substitution), suggest rapid genomic changes during the generation and 
stabilization of the stock 340/1. With the data available no choice 
can be made between any possible rectification mechanism. However, 
the limited amount of restriction site differences in the genomic maps 
between the DNA of the wild-type flies and the stock 340/1 and the in 
situ hybridization experiments do not indicate a transposable nature 
of the inserts of DhBI, DhHI and DhH2/DhH4. 
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Differences between DhH2 and DhHt 
The Insert sequences in the Plasmids DhH2 and DhHU raise specific 
problems. As is seen in Figure V-7, V-θ and V-11, hybridization of 
these sequences to genomic blots reveals distinct differences in hy­
bridization behaviour of these sequences. Differences between both 
inserts are however not reflected in their restriction maps. Also the 
in situ hybridizations would not necessarily reveal differences, be­
cause the repeated sequences can be arranged in tandem arrays. The 
differences in hybridization to genomic blots may be caused by a small 
variation between the sequences of the inserts of DhH2 and DhH4, not 
detected with the set of restriction enzymes used in these experi­
ments. 
Homology ¡iL DhH2 ia. ihs. ribosomal M a LSSsaL 
The nextra-DhH2" patterns can be explained if two or three dif-
ferent regions of homology with DhH2 exist within the "extra" frag-
ments: one or two regions of homology to the rDNA repeats, in the ITS 
and in the NTS, and one region homologous to the 1.0 kb Hind III frag-
ment hybridizing in the DNA of the three translocation stocks and in 
the DNA of the wild-type females. 
A few consequences of the detection of such homologies must be con-
sidered in some detail. In the restriction map of the rDNA repeat of 
D.hydei published by Renkawitz et al.(6), two Eco RI sites are indi-
cated within the NTS close to the S'-end of the 28S gene. The ex-
istence of two Eco RI sites would require an extended region of homol-
ogy with DhH2 since cross-hybridization is found at both sides of the 
Eco RI site(s). However, mapping data from our laboratory (Vogt et 
al.(Unpublished) provide no evidence for the presence of two Eco RI 
sites in our strains. Also the data presented here do not support the 
evidence for the presence of two Eco RI sites in this region of the 
NTS. In the Eco RI-Hind III double digests the spacer sequences are 
all shortened with 1.1 kb, if compared with the spacer lengths in the 
Hind Ill-digests. This corresponds exactly to the distance between 
the last Hind III site in the 28S gene and the first Eco RI site in 
the NTS. This 1.1 kb fragment is also detected in the hybridization 
patterns of DhH2 to the Eco RI-Hind III double digested DNA (Fig.V-9, 
91 
panel la). The spacer sequences are shortened by 0.6 kb in the Eco 
RI-Hind III double digests if compared with the Eco RI single digests. 
This value corresponds to the distance between the first Hind III site 
and the Eco RI site in the 18S gene. These combined data do not leave 
room for an extra Eco RI fragment in the NTS with a length detectable 
in the present experiments. The length differences between the vari-
ous spacers in the Eco RI-, Hind III-, and Eco RI-Hind III- digests 
were measured to be 0.2 kb respectively 0.5 kb. These length differ-
ences are in reasonable agreement with the existence of different 
amounts of a 242 basepair long repeat on the right side of the NTS ar-
ranged in tandem (5). 
Some observations can be made on the distribution of the different 
spacer lengths between the locations of the rDNA repeats on the X- and 
Ï chromosomes. In contradiction with the published results (5) a 
correlation between specific spacers with a specific length and the 
location of the rDNA genes in the X or Y chromosome can be derived 
when when DhH2 is used as a hybridization probe. In the Eco RI-, Hind 
III- and the Eco RI-Hind Ill-digests spacers are found hybridizing in 
the DNA of the wild-type males and in flies of the stock 340/1, which 
have no detectably hybridizing counterpart in the DNA of the wild-type 
females. In the DNA, isolated on small scale, of the stock 340/1 
these are the only spacer sequences detected. An explanation for the 
discrepancy between the published results and the results presented 
here could be given by assuming that DhH2 detects a specific part of 
the spacer sequences not present in all rDNA repeats. This would mean 
that only a specific subset of repeats with an identical spacer length 
is detected with DhH2. It is evident, that hybridization with a 
cloned rDNA repeat would not uncover this presumably small difference 
in nucleotide sequence between these subsets of repeats with identical 
length. 
Homology а£ DhH2 ia а 1.Д. Jib. Hind H I fragment 
The insert of DhH2 is homologous to a 1.0 kb Hind III fragment 
detected in the DNA of three X;Y translocation stocks. This 1.0 kb 
Hind III presumably does not represent the 1.0 kb Hind III fragment of 
the 28S beta gene. It is however also detected in the DNA of the 
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wild-type females. One has to conclude that it is either not present 
in the other 4 translocation stocks or that it is present in much 
fewer copies in these 4 translocation stocks and therefore not detect-
ed in the genomic blots. This 1.0 kb Hind III fragment must be 
present in about as many copies as the rDNA repeats to be detected by 
hybridization with [32]P-labelled DNA of DhH2, if the presumably small 
sequence difference between DhH2 and DhH4 is taken into account. 
Because the rDNA repeats are present in a much higher copynumber as 
DhH2, this could explain why in Figure V-15 no hybridization of the 
4.4 kb Hind III fraction to the fragments representing the "basic" 
pattern of DhH2/DhH4 is seen. 
Isolation ¡iL ï. chromosome-specifio sequences 
A set of sequences homologous to DhH2, but different from the rDNA 
repeat was detected in the 4.4 kb Hind III fraction in the DNA of the 
stock 340/1. Since this subfraction was not available in cloned form, 
there is no evidence that the region homologous to DhH2 and the region 
hybridizing to the Ï chromosome are linked in the genome. This can be 
investigated by cloning the 4.4 kb Hind III- (or the 6.0 kb Eco RI-) 
restricted fraction of the batch DNA of the stock 340/1. The desired 
fragments can be found by searching for a 4.4 kb fragment in EcoR I-
Hind III double digests in the inserts. This sequence should generate 
a hybridization pattern to genomic blots of the wild-type flies and 
flies of the stock 340/1, identical to the "extra-DhH2" patterns, ex-
cept for the 1.0 kb Hind III fragments present in some of the X;Y 
translocation stocks and the wild-type females. It is not excluded 
that these 1.0 kb Hind III fragments are detected in the 6.0 kb Eco RI 
fraction. These efforts would be especially worthwile as this se-
quence would permit isolation of flanking sequences in many different 
regions of the Ï chromosome. This assumption is inspired by the in 
situ hybridization results with the 4.4 kb Hind III fraction on meta-
phase chromosomes (Fig.V-16). 
If DhH2 is homologous to the sequence hybridizing to the Y chromo-
some in the 4.4 kb Hind III fraction, this could explain the colony 
hybridization result presented in Chapter 3. It can be imagined, that 
this repeated sequence present in the Y chromosome could hybridize in 
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a secondary reaction to DhH2, while DhH2 hybridizes to DhBI, 
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C H A P T E R 6 
SUMMARY 
The evolutionary conservation of two families of repeated sequences 
(DhBI and DhH2/DhH4) was investigated. These families display a 
strong intra-familial sequence conservation, but also a strong inter-
familial length conservation of their members in most of the Drosophi-
la species investigated. These findings suggest a biological function 
of the sequences described in this thesis. 
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INTRODUCTION 
In the preceding chapters it has been shown, that the families of 
repeated sequences represented by DhBI and DhlWDhHt are highly homo­
geneous, although differences in nucleotide sequence of their members 
were detected between different strains of Drosophila hydei. It was 
also derived that these families share sequence elements between each 
other. To investigate the conservation in the course of evolution of 
these sequence famililies, their hybridization patterns were investi­
gated in various Drosphila species. 
RESULTS AND DISCUSSION 
Genomic DNA of males and females of various Drosophila species was 
isolated, restricted with Hind III, and, after electrophoresis and 
blotting, hybridized with [32]P-labelled DNA of DhBI, DhH2 and DhHJ) 
(Fig. V-1 and V-2). The DNA, isolated from 15 males or females, was 
divided over U gel slots and hybridized with DhBI (panel 1), DhH2 
(panel 2) or DhH4 (panel 3). Hybridization with DhH4 under stringent 
conditions revealed a pattern identical to the one obtained with DhH2. 
In Figure VI-1 the results of the hybridizations are shown after a 
non-stringent (panels 1A and 2A) and a stringent wash (panel IB and 
2B). 
The hybridization patterns obtained with the cloned sequences re­
veal that sequences homologous to (parts of) DhBI and ОЬНг/ОЬНЧ are 
present in almost all species investigated, even under stringent con­
ditions. This indicates that these homologous sequence elements are 
highly conserved between these species and may be taken as an argument 
for a distinct biological function of these elements. Hybridization 
of DhBI does not occur with the histone gene repeats in 
D.melanogaster, despite its homology with a cloned repeat of this 
species (Chapter 3). In D.melanogaster the predominant histon gene 
repeats have a length of 4.8 and 5.0 kb in Hind Ill-digested DNA (see 
ref. 12 and 29 of chapter 3). It is not clear if DhH2 in the other 
species shows homology to rDNA repeats like in Drosophila hydel, but 
it can not be excluded. In all these hybridization experiments with 
the various species differences in hybridization intensity between DNA 
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from males or females is found. This implies a localization of copies 
of these sequences either on the X chromosome (D.melanogaster, 
D.neohydei and D.eohydei) or on the Y chromosome (D.repleta). One ex­
ception to this conservation is formed by Drosophila virilis. Here no 
hybridization is observed with DhBI, even under non-stringent condi­
tions. Also the hybridization of DhH2 and DhH4 to this DNA is greatly 
reduced after the stringent wash. 
Another interesting aspect of these experiments is the strong con­
servation in length of some of the cross-hybridizing fragments. Espe­
cially fragment lengths of 5.7 kb and 2.5 kb are detected in most of 
the hybridization patterns, both with DhBI and DhfWDhHU. For DhH2 
and DhHU an identical hybridization pattern can be expected, as they 
are members of the same family of repeated sequences. 
Figure VI-1: Hybridization to DNA of males (lanes a) or females (lanes 
b), isolated from three flies, of the indicated Drosophila species 
with [32]P-labelled DNA of: Panels 1A and IB: DhBI, Panels 2A and 2B: 
DhH2. Panels 3: DhH4, 
The lanes 1A and 2A are shown after a non-stringent post-hybridization 
wash and the lanes 2A and 2B after a stringent post-hybridization 
wash. g 
Hybridization with 2 χ 10 cpm/ml. Post-hybridization wash: 6 χ SSC 
(lanes ΙΑ, 2A, 3 ) and 0.1 χ SSC, after rehybridization (lanes IB and 
2B). Autoradiography: 3 weeks (lanes ΙΑ, 2A. 3 ) or 4 weeks (lanes IB 
and 2B). The fragments discussed in the text are indicated. 
The positions of Hind Ill-digested lambda DNA fragments as length 
standards are indicated in kb. 
Pi • f 1 M ' 
Figure VI-2: Hybridization of DhBI (panel 
1), DhH2 (panel 2A: after a 6 χ SSC and 
panel 2Б: after a 0.1 χ SSC post-
hybridization wash) and DhH4 (panel 5) to 
genomic DNAs (lanes a: males, lanes b: fe­
males) of the indicated Drosophila 
species. The hybridization conditions 
were the same as indicated in Fig.VI-1. 
• 
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Obviously the small sequence difference between these two members, 
leading to the nextra-DhH2n pattern discussed in Chapter 5, are no 
longer reflected in the genomic DNA of the other Drosophila species. 
The 5.7 kb long Hind III fragments, detected with DhH2 and DhH4 in all 
species, are of the same length as the presumed undeleted insert se­
quence of DhH2 and 0ЬН4, although these inserts both contain an addi­
tional Hind III site (see below). 
Also DhBI hybridizes to a fragment with a length of 5.7 kb in Hind 
Ill-digested DNA of Drosophila hydei (Fig.VI-U). This fragment forms 
the extension of the 2.3 kb Bam HI-Hind III outer fragment of the in­
sert (Fig.III-2). 
Therefore in the genome of D.hydei a subset of the 5.7 kb Hind III 
fragments shares some sequence elements shared by DhH2/DhH4 and DhHI 
(also the presumed undeleted insert of DhHI has a length of 5.7 kb), 
although they are not identical in sequence. 
Fragments with a length of 5.7 kb are also detected with DhBI, like 
with DhH2 and DhH4, in Hind Ill-digests of the DNA of the other Droso­
phila species. Therefore the 5.7 kb Hind III fragments may form a 
class of sequences, of which subsets are homologous to the two fami­
lies of repeated sequences in the genome of Drosophila hydei, 
represented by DhBI and DhHS/DhHt. These subsets, of which some se­
quences have a sex chromosome linked localization, could share homolo­
gous elements. It must be stressed however that the sequence elements 
conserved within both families in the various species are not identi­
cal with the sequence elements shared between these families through 
the homology between DhBI and DhH2/DhH4. This is concluded from the 
fact that these last mentioned homologies are no longer detected after 
a relatively non-stringent conditions (after a 1 χ SSC post-
hybridization wash: Fig.V-i)). 
Similar observations can be made for the conserved hybridization to 
2.5 kb long fragments. Here however, the correlation between the 
cloned sequences is not clear: the length represent in wild-type flies 
of D.hydei the extension of the 1.6 kb Bam HI-Hind III outer fragment 
of DhBI, and it represents the left insert fragment of DhH2/DhHM. In 
these regions of the clones no homologous regions were detected. 
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Although this length conservation could be coincidental, non - tran­
scribed spacer sequences with divergent nucleotide compositions do 
display occasionally length conservation ( for instance in rDNA re­
peats). 
With regard to the presence of an additional Hind III site in the 
insert of DhH2 and DhH4, a few observations can be made which could 
give an explanation for its presence in these two sequences indepen­
dently derived from what appeared to be complete digests. If DhH2 and 
DhH4 are hybridized to Hind Ill-digested batch DNA of the stock 340/1, 
hybridization is observed to a 5.7 kb fragment. This is particularly 
clear with DhH4 (Fig.VI-3). 
Figure VI-3:Hybridization of [32]P-labelled DNA of 
DhH2 (lane A) and DhH4 (lane B) to 5 ug of Hind III 
digested batch DNA of the stock ЗІО/І. 
The hybridizing fragments are indicated as in 
Fig.V-f. 
The 5.7 kb fragments, representing the presumed un­
restricted insert sequences of DhH2 and DhH4 are 
indicated with astippled line. 
Note the presence or a 8.0 kb long fragment hybri­
dizing with DhH2 in this DNA of the stock 340/1, 
presumably representing rDNA repeats with IVS. 
Hybridization with 1 χ 106cpm/ml. Post-
hybridization wash: 6 χ SSC. Autoradiography: 1 
week. 
" *" The positions of Hind Ill-digested lambda DNA frag­
ments as length standards are indicated. 
946 
57B-
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Partial digestion is unlikely to be the cause of this hybridiza­
tion, as it was repeatedly found, also after addition of an excess 
amount of restriction enzyme. This indicates that some members of the 
family represented by DhH2 and DhH1* are resistant to Hind III 
cleavage. It could even be speculated that in an unknown way the 
internal Hind III site is protected against restriction in a subset of 
this family, but that this block is removed after passage through 
E.coli. The presence of still other members of this family resistant 
to restriction is indicated in the hybridization with DhH2 to the Hind 
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Ill-reatricted 6.0 kb Eco HI fraction of the same batch DNA of the 
stock ЗІОЛ (Fig.V-11»). In this hybridization fragments of 2.5 kb and 
1.7 kb are detected. These have the same length as the Eco RI-Hind 
III fragments of the inserts of DhH2 and DhHU (Fig.V-2). These Eco 
RI-Hind III fragments form in the insert however the 4.2 kb Eco RI 
fragment. Their presumed presence within the 6.0 kb Eco RI fraction 
would then indicate the lack of an internal Eco RI site in some of the 
members of the family represented by DhH2/DhH4 in the batch DNA of the 
stock 340/1, or it could also be the result of selective protection 
against restriction. Hybridization with DhH4 to a 5.7 kb Hind frag­
ment or a 6.0 kb Eco RI fragment is not detected in the DNA of wild-
type flies nor in the DNA isolated from flies of the same 340/1 
strain, but collected five years later. 
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Summary 
Eukaryotie genomes are characterized by the presence of families of 
repeated sequences. Till now two opposing arrangements of middle re-
petitive sequences in the genome of Drosophila melanogaster are 
described. On one side Young et al. described the existence of nomad-
ic sequences, forming a large part of the middle repetitive sequence 
class. The members of such a nomadic family display extensive se-
quence conservation, although they are located in many scattered loca-
tions in the genome. These locations differ between different 
strains. On the other hand, Wensink et al. described the scrambled 
and clustered array of small repeated sequence elements. Also these 
clustered arrays are supposed to occupy a substantial fraction of the 
middle repetitive sequence class. It is not clear in howfar these two 
possible arrangements are overlapping. 
To get some insight into the arrangement of middle repetitive se-
quences in Drosophila hydei, the relationship between some repetitive 
sequence families was investigated. The investigation of these fami-
lies was possible due to their homology to a part of the insert of the 
clone DhBI. The insert of this plasmid was isolated as a member of a 
small family of long and homogeneous sequences, shown to be located in 
two different regions (a euchromatic band and the kinetochore region) 
of the third chromosome. The sequences which were isolated due to 
their homology with DhBI showed completely different localizations in 
the genome. DhHI is presumably located in the X heterochromatin, 
while DhH2 and DhH4 are found in a band of the third chromosome dif-
ferent from the band occupied by DhBI. 
The repetition frequency of these sequences also differs if meas-
ured in the genomic DNA of adult flies. DhHI is presumably a single 
copy sequence, while DhH2 and DhH4 are representatives of a small re-
petitive sequence family different from the family represented by 
DhBI. By restriction mapping no heterogeneities between the different 
members of these two families could be detected. Even the sequences 
flanking the cloned copies showed no heterogeneity in their restric-
tion sites over long distances. These results imply that these cloned 
sequences are part of long and homogeneous repeated sequences. These 
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repeated sequences are much longer than the averaged-sized nomadic se­
quence elements found in the genome of Drosophila melanogaster. These 
long repeated sequences also do not occupy scattered locations in the 
genome nor different locations in different strains. Therefore these 
families do not seem to have important characteristics in common with 
the class of nomadic sequences. The presumed existence of at least 
one nomadic sequence family could be detected due to its homology with 
DhBI. 
How these long repeats are kept homogeneous remains an open ques­
tion. This question is interesting, because DhBI shares a small but 
distinct sequence with the histon gene cluster. Also DhH2 shares 
homology to sequences organized in a tandem array, namely to the ITS 
and NTS of (some) rDNA repeats. The existence of a rectification 
mechanism is also necessary to account for the differences detected by 
all cloned sequences in the restriction patterns of wild-type flies 
and flies of the stock З^О/І, bearing a double-Y chromosome. The ex­
istence of these differences means that in the case of the repeated 
families the different copies must have been changed concomittently 
and within a relatively short period of time since the establishment 
of this double Ï chromosome bearing stock. It is hardly imaginable 
that these changes have taken place throughout the genome. It could 
therefore be speculated that the cloned sequences are involved in the 
maintenance of the second Ï chromosome or in the compensation for the 
loss of X heterochromatin in this stock. 
The cloned sequences described in this thesis are all sharing a low 
degree of homology. Although it is not experimentally proven, the re-
gions of homology might be the same in each clone. Besides this 
cross-homology, these clones also show a low homology to separate se-
quences in the genome. From the data available it can not be conclud-
ed if these sequences together form a highly divergent ,lsuper"-family, 
as described in the genome of the sea-urchin, or if each clone is 
member of two or more unrelated families. In this latter case these 
different families would be connected through the iuxta-position of 
their respective repeated elements in one or a few fragments. 
In an overall view, this organization of small repeated segments 
(diverged or not) does remind of the complex scrambled organization of 
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small repeated elements distributed throughout the genome of Drosophi-
la melanogaster as described by Wensink et al. (see Chapter 1). How-
ever in the situation described in this thesis, these repeated ele-
ments must be more diverged or they must be smaller as witnessed by 
their low stability if hybridized. Either cause would make the detec-
tion of their presence in other sequences elsewhere in the genome more 
difficult. A complex organization was however detected in the insert 
of DhBI, which is suspected to consist in part of many small and homo-
geneous or longer but more diverged repeated elements. 
A biological function for the sequences described in this thesis is 
suggested by the strong sequence conservation of the two investigated 
families in various Drosophila species. These families do not only 
display an extensive intra-familial but also a strong inter-familial 
length conservation of parts of their repeats, although these latter 
equally long fragments do not share easily detectable homologous ele-
ments. The reason for this length conservation is unclear. 
The investigations described in this thesis revealed the existence 
of small sequence homologies between further unrelated sequences, 
which could upon extrapolation form an extensive network functionally 
connecting widely separated sequences or families of sequences. 
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SAMENVATTING 
In het genoom van eukaryotische organismen komen families van 
gerepeteerde DNA sequenties voor. Twee tegengestelde manieren zijn 
beschreven, waarop deze sequenties kunnen zijn gesitueerd in het 
genoom van Drosophila melanogaster. Aan de ene kant hebben Young et 
al. het bestaan van "nomadische" sequenties aangetoond, welke tezamen 
het grootste gedeelte van de gerepeteerde sequentie klasse vormen. 
Binnen een familie van zulke nomadische sequenties hebben de verschil-
lende leden een haast identieke nucleotide volgorde, hoewel ze op veel 
plaatsen verspreid over het genoom voorkomen. Aan de andere kant heb-
ben Wensink et al. het bestaan van kleine gerepeteerde sequentie 
elementen beschreven die, in een steeds andere volgorde aan elkaar 
geschakeld tot grotere clusters, ook door het hele genoom verspreid 
voorkomen. Deze clusters vormen eveneens een aanzienlijk gedeelte van 
de gerepeteerde sequenties. Het is niet bekend in hoeverre deze twee 
organisatie vormen elkaar overlappen. 
Om enig inzicht te verkrijgen in hoeverre deze twee organisatie 
vormen van de gerepeteerde sequenties voorkomen in het genoom van Dro-
sophila hydei, werd de onderlinge samenhang van enkele families van 
gerepeteerde sequenties onderzocht. Deze families konden worden 
be studeerd vanwege het feit dat zij verwantschap vertonen met een 
(gedeelte van een) genoom sequentie geïsoleerd in het recombinant 
Plasmide, DhBI genoemd. Deze sequentie maakt deel uit van een kleine 
familie van lange en zeer op elkaar gelijkende sequenties, die gelegen 
zijn op twee verschillende plaatsen op het derde chromosoom (in een 
euchromatische band en in de omgeving van de kinetochoor). De sequen-
ties die konden worden geïsoleerd vanwege hun verwantschap met DhBI 
komen voor op geheel verschillende plaatsen in het genoom. De genoom 
sequentie, geïsoleerd in het plasmide DhHI, is waarschijnlijk gelegen 
in het X heterochromatine, terwijl de sequenties in de Plasmiden DhH2 
en DhH1» eveneens in een euchromatische band in het derde chromosoom 
voorkomen. Deze band is echter een andere dan de band waarin DhBI is 
gesitueerd. De geïsoleerde sequenties verschillen eveneens in de hoe-
veelheid kopieën waarin ze voorkomen. Terwijl DhHI niet of slechts 
eenmaal herhaald aanwezig is, zijn DhH2 en DhH4 leden van eenzelfde 
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kleine familie. 
Tussen deze beide Plasmiden, DhH2 en DhH4, konden geen verschillen 
worden aangetoond met een aantal restrictie enzymen. Zelfs in het 
genoom DNA, dat beide sequenties omgeeft, konden geen verschillen wor­
den gevonden. Hieruit moet worden afgeleid, dat beide sequenties deel 
uitmaken van een familie van lange en sterk op Л ааг gelijkende 
sequenties. De lengtes van de leden van de twee families, ver­
tegenwoordigd door DhBI en DhH2/DhH4, zijn aanzienlijk langer dan de 
gemiddelde lengte van de nomadische sequenties die worden aangetroffen 
in het genoom van Drosophila melanogaster. Daarbij komt dat de leden 
van bovenvermelde families niet vespreid in het genoom voorkomen, 
terwijl hun ligging in het genoom van twee verschillende stammen 
dezelfde is. Hieruit blijkt dat deze families in enkele belangrijke 
en karakteristieke eigenschappen verschillen van de families van 
nomadische sequenties. Echter, DhBI toont wel verwantschap met een 
vermoedelijk nomadische familie. 
Op welke manier de gerepeteerde sequenties die deze families vormen 
aan elkaar gelijk kunnen blijven, is onbekend. Dit probleem is van 
enig belang, omdat DhBI gedeeltelijk verwant is met een gekloneerde 
sequentie, die de histon genen van Drosophila melanogaster bevat. Ook 
DhH2 (en niet DhH4) deelt sequentie elementen met achter elkaar 
geschakelde genen, namenlijk met de ITS en de NTS van ( waarschijnlijk 
sommige) rDNA genen. 
Dat de veschillende leden van de twee besproken families aan elkaar 
gelijk worden gehouden volgt ook uit het feit dat met alle gekloneerde 
sequenties verschillen konden worden aangetoond in de nucleotiden vol­
gorde van het DNA van vliegen van het wilde type en van vliegen van 
een stam met twee ï chromosomen. Uit deze verschillen volgt dat alle 
kopien van de gekloneerde sequenties tegelijkertijd binnen relatief 
korte tijd moeten zijn veranderd sinds het ontstaan van de stam met 
het dubbele Y chromosoom. Aangezien het moeilijk voorstelbaar is dat 
zulke veranderingen door het hele genoom zijn opgetreden lijkt de 
veronderstelling gewettigd dat deze sequenties betrokken zijn of bij 
de handhaving van dit tweede Y chromosoom of bij de compensatie voor 
het verlies van een groot gedeelte van het X heterochromatine, dat 
plaats heeft gevonden in deze stam. 
105 
De gekloneerde sequenties hebben allen een lage graad van 
verwantschap met elkaar, die waarschijnlijk veroorzaakt wordt door een 
of meerdere kleine sequentie elementen. Alhoewel het experimenteel 
niet is aangetoond, is het mogelijk dat hetzelfde element (of elemen-
ten) voorkomt op alle gekloneerde sequenties. Naast deze verwantschap 
en de reeds vermeldde (DhBI met de histon cluster en DhH2 met de rDNA 
repeat) bezit elke gekloneerde sequentie voor zich ook nog een zekere 
mate van homologie met andere sequenties in het genoom. Met de tot nu 
toe verzamelde gegevens kan niet worden vastgesteld of alle zo 
gedetecteerde sequenties tezamen een "super"-familie vormen, zoals is 
beschreven voor het genoom van de zee-egel, of dat alle gekloneerde 
sequenties deel uitmaken van een of meerdere families. In dit laatste 
geval zouden twee verschillende families structureel met elkaar ver-
bonden kunnen zijn in een of meerdere gevallen door het aan elkaar 
gekoppeld zijn van gerepeteerde elementen afkomstig van elk van beide 
families. 
Globaal gezien lijkt de boven beschreven organisatie vorm van 
gerepeteerde sequenties op de organisatie vorm als beschreven door 
Wensink et al. Een verschil is echter dat de gerepeteerde elementen 
die de gekloneerde sequenties met elkaar en met sequenties elders in 
het genoom gemeen hebben of kleiner zijn of meer verschillen in hun 
nucleotide volgorde als de elementen beschreven door Wensink. Dit 
volgt uit het feit dat de gevormde heterologe hybriden weinig stabiel 
zijn en reeds onder relatief niet stringente hybridisatie condities 
niet meer gevormd worden. Deze verminderde stabiliteit maakt dat de 
aanwezigheid van deze elementen elders in het genoom moeilijk is vast 
te stellen. 
Een complexe organisatie vorm werd echter gevonden in de sequentie 
gekloneerd in DhBI. Hiervan bestaat een gedeelte vermoedelijk uit 
vele kleine en gelijke of langere maar meer van elkaar verschillende 
gerepeteerde elementen. 
Een biologische functie voor de boven beschreven sequenties is aan-
nemenlijk vanwege het voorkomen van de twee families, vertegenwoordigd 
door DhBI en DhH2/DhH4, in sterk gelijkende vorm in verschillende an-
dere Drosophila soorten. Deze families vertonen, ook onderling, een 
gelijkblijvende lengte, alhoewel deze DNA fragmenten met gelijke 
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lengte geen duidelijke sequentie homologie vertonen. Waarom deze 
fragmenten toch even lang zijn is onbekend. 
De sequenties die zijn beschreven in dit proefschrift hebben kleine 
sequentie elementen met elkaar gemeen zonder verder aan elkaar verwant 
te zijn. Op een dergelijke manier zou een uitgebreid netwerk, gevormd 
door soortgelijke elementen, sequenties of families van sequenties op 
een functionele manier met elkaar kunnen verbinden. 
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NAWOORD 
Graag wil ik hier allen bedanken van de wetenschappelijke staf die 
door hun kritische en stimulerende discussies veel hebben bijgedragen 
aan de totstandkoming van dit proefschrift. Ook de andere medewerkers 
van de afdeling Genetica wil ik bedanken voor hun hulp. Met name 
geldt dit voor Ingrid Siegmund die een belangrijk gedeelte van de in 
situ hybridisatie experimenten heeft uitgevoerd en me er steeds weer 
van wist te weerhouden deze te snel te ontwikkelen en 
voor Liesbeth Dolk die een groot gedeelte van het manuscript heeft 
uitgetypt enmelnlangdurige avondlijke telefoongesprekken wegwijs heeft 
gemaakt in de bediening van de tekstverwerkende computer. 
Tenslotte ben ik ook Liesbeth dankbaar die maar al te vaak moest horen 
dat het "nog iets later" zou worden. 
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CURRICULUM VITAE 
De schrijver van dit proefschrift werd geboren op 17 april 1950 te 
IJsselstein (Utr.). Na het behalen van het diploma gymnasium beta 
(*s-Gravenhaags Christelijk Gymnasium "Sorghvliet") begon hij in 1968 
met de studie Biologie aan de Vrije Universiteit te Amsterdam. Hij 
legde in februari 1972 het kandidaats examen B4 af, en in september 
1976 het doctoraalexamen, met als hoofdvak Biochemie en als bijvakken 
Algemene en Experimentele Dierkunde en Farmacologie. Hij vervulde van 
november 1976 tot Januari 1978 zijn militaire dienstplicht als 
gewonden-Zziekenverzorger. Van april 1978 tot Juli 1982 verrichtte 
hij het in dit proefschrift beschreven onderzoek op het Genetisch La-
boratorium van de Katholieke Universiteit te Nijmegen onder leiding 
van Prof. Dr. W. H. G. Hennig. 
109 

Errata: pg.54» r.l6 
pg.68f r.19 
r.36 
pg.70, r.16 
r.18 
pg.98, r.9 
lees DhH3 
,, Fig.V-Л 
,, panel 1 
Fig.V-3 
lanes U 
Fig.III-
i.p.v. DhH5 
i.p.v. Fig.V-6 
i.p.v. panel 2 
i.p.v. Fig.V-2 
i.p.v. lanes 5 
i.p.v. Fig.VI-4 

STELLINGEN 
bij het proefschrift 
GENOMIC ORGANIZATION OF A 
FAMILY OF REPEATED SEQUENCES 
IN 
DROSOPHILA HYDET 
I 
De conclusie dat een sequentie slechts eenmaal in het 
haploide genoom voorkomt volgt niet direct uit hybri­
disatie experimenten op genoom blots, maar dient met 
een interne controle of met aanvullende experimenten 
te worden bevestigd. 
Bijv.: 
Villeponteau В., G.M. Landes, M.J. Pankratz, H.G. 
Martinson, J. Biol. Chem. 257, 11015-11023 (1982). 
II 
De conclusie van Dennhöfer dat het X- en Y chromosomale 
heterochromatine volledig repliceert in polytene kernen 
is op methodologische gronden aanvechtbaar. 
Dennhöfer L., Chromosoma 86, 123-U7 (1982). 
III 
De conclusie van Dowsett et al. dat nomadische sequenties 
slechts in een klein aantal voorkomen in het genoom van 
Drosophila simulans is gebaseerd op de geïmpliceerde maar 
ongefundeerde veronderstelling dat deze korter zouden moe-
ten zijn dan de door hen geïsoleerde en onderzochte se-
quenties . 
Dowsett Α., M.Vi. Young, Proc. Nat. Acad. Sci. USA 79, 
Д570-4574 (1982). 
IV 
Gezien de communicatiemogelijkheden waarover het zeer 
jonge kind beschikt verdient het aanbeveling het aan het 
kind over te laten wanneer en op welke wijze het met een 
vreemde volwassene in contact treedt. 
Bower Т.О., Human Development, San Franscisco: Freeman, 
1979. 
Bij het gebruik van de recombinant DNA techniek dient de 
biologische vraagstelling niet uit het oog te worden ver­
loren . 
VI 
Het gevoerde beleid betreffende de militaire dienstplicht 
leidt tot maatschappelijke discriminatie. 
VII 
Gezien de kwaliteit van het onderwijs in de Franse taal 
en literatuur in Nederland is het ontbreken van een com­
plete vertaling van de werken van Marcel Proust in het 
Nederlands begrijpelijk. 
Ρ . 3 . Boender 24 f e b r u a r i 1983 
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